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PREFACE 



Investigations made during the past decade have brought forth a 
discovery of the utmost importance to the well-being of mankind. 
And the discovery is thb: In the foods we eat or should eat there 
are present very small amounts of certain life-giving and disease- 
preventing bodies, the consumption of which is essential to growth 
and good health. Such bodies are called vitamins. 

Before the day when the import of vitamins came to be recognized 
wie were well satisfied to believe that an adequate supply of protein, 
fat, carbohydrate, mineral salts and water met our food requirements 
fully. Food chartfi were widely disseminated which made it appar- 
ent that the heat units of food, the " calories " available, were the 
essential factors in the control of a diet or ration. Women's clubs 
and other organizations were addressed on tliis score so often and 
emphatically that many a conscientious housewife kept scales in the 
kitchen to weigh protein, fat and carbohydrates and thereby com- 
pute the daily distribution and consumption of calories. 

The common belief of past years, when the calorie or energy value 
of a diet was the theme, has since been modified. Fuel values are 
as important of consideration at the present time aa they were ia 
earlier years, but it is now well established that in addition to the 
body-building and fuel components of foodstuffs, namely, the pro- 
tein, fat and carbohydrates and also salts and water, we should con- 
sume the accessory food substances or factors known as vitamins. 
That substances playing so vital a r61e in nutrition should until a 
decade ago have escaped discovery is surprising, so much so, in fact, 
that much incredulity was provoked over the announcement. The 
brilliant but necessarily laborious researches of investigators in this 
country supported by original as well as confirmatory work in 
England and elsewhere have largely overcome this scepticism, much 
of which apparently emanated from Germany, and have served to 
make the decade a monumental one in tlie dietary field. These reve- 
lations have made the question of what to eat an even more necessary 
matter of " food for thought." With foodstuffs constantly increasing 
in cost many are disposed to replace one food by another cheaper 
one on a calorie basis. This cannot be done with impunity. An 
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uziderstanding of the vitamin requirements of the human organism 
and of the occurrence of vitamins in edible products as well as the 
effect of cooking operations on such food factors is needful. 

The pronounced differences existing in various proteins due to their 
varying content of amino acids is no less a vital consideration. The 
effects of amino acids and the potency of vitamins has become the 
subject of constant research by a rapidly expanding group of investi- 
gators and information is accumulating at a surprising rate concern- 
ing the evaluation of foods from new vantage points. 

This volume is offered in the endeavor to supply such information 
in a readily accessible form. It aims to furnish all essential facts 
regarding vitamins and to bring together the literatm-e on the sub- 
ject, thus to supply not only a textbook, but also a reference volume 
of a thoroughly comprehensive nature on these special but highly 
important phases of the nutrition problem. 

The usage of the term vitamin seemingly needs no apology. 
Criticisms directed towards those workers in the field who have 
elaborated its fundamentals have made writers cautious in regard 
to terminology. At present there is little or no knowledge of the 
actual chemical nature of vitamins but the study of their fimctions 
has made most convincing progress. Owing to this feeling of scien- 
tific caution, vitamins often have been referred to in very general 
terms such as " accessory food factors " and their specific forms as 
fat-soluble A, water-soluble B and the like. 

In the light of our present knowledge of vitamins and amino acids, 
and the noteworthy advances occurring in this domain, the sup- 
porters of vegetarianism possibly may find cause for reflection over 
some of their more extreme theories. A lowering of body tone and 
subsequent occurrence of symptoms of grave disease may be caused 
by a lack of vitamins in a diet employed over a series of years. 
The effects are in a way cumulative. The value of the all-vegetable 
over the normal diet requires contemplation anew from the vitamin 
standpoint. In the following pages these and many other features 
are discussed briefly or expansively according as our present knowl- 
edge enables their consideration. 

Physicians who have been charging many of our ills to presence 
of toxins may have to retract the charges in some cases. It is becom- 
ing known that a number of maladies are caused, not by the presence 
of toxins but by the absence of vitamins. Such knowledge of " de- 
ficiency diseases " may lead to substantial changes in medical 
practice. 

The authors have endeavored to make certain portions of the text 
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of a character which would likewise furnish the general reader with 
a knowledge of the practical side of vitanains including the different 
reqtiirements by children and adults of these food factors, and if the 
volume be conunended for simplicity of exposition as well as compre- 
hensiveness, the authors will be gratified. 

Our thanks are due to the Connecticut Agricultural Experiment 
Station, the Journal of Biological Chemistry, Professor E, V. Mc- 
CoIIum, Professor J. F. McCIendon, Dr. A. D. Emmett and associates, 
Professor H. Steenbock and associates for permission to use illustra- 
tions and charts relating to investigations on vitamins, and to Mr. B. 
Dass for various suggestions and for assistance in the reading of proof. 

Elus LABOBATtniss, Cableton Ellis 

92 Gbibnwood Avb., Montclair, N. J. 

Vassab Coluoi, PouaHKBBPsiB, N. Y. Annie L0UI8E Maclbod 



INTRODUCTION 

ELEMENTARY PRINCIPLES OF NUTRITION 

The analogy between the animal body and a machine has been 
pointed out so often tliat it is almost a platitude, nevertheless it is 
particularly apt. Like a machine, the body must be provided with 
fuel, which it converts into heat and mechanical energy. Like a 
machine, the efficiency of the body depends largely upon the char- 
acter and quantity of the fuel supplied. If the fuel is scanty there 
ifl loss of power; if it is piled on recklessly the system becomes choked 
with imbumed material and waste products. As with machines, 
there is a maximum efficiency for each individual which can be se- 
cured only by careful and intelligent management, but too often, for 
want of management, the body, like the machine, is running below 
par. 

For the nourishment of an animal there are six different classes of 
materials required, which are frequently spoken of as foodstuffs. 
These are fats, carbohydrates, proteins, water, mineral salts, and 
vitamins; the first three making up what are known as the organic 
foodstuffs. The great variety of edible materials are usually mix- 
tures of these, generally containing all six in varying proportions. 
Each foodstuff has its special function in nutrition, and although the 
relative amounts of each can be varied very considerably without 
ill-effect, a well-balanced diet must contain all six. 

Water, while not a food in the sense of being a source of nutriment 
in itself, is nevertheless most essential to the organism, as is proved 
by the fact that most starving animals die much more quickly if 
deprived of water than when water is obtainable. Water is required 
to dissolve the solid foods so that they can be absorbed by the tissues 
and carried from place to place by the blood, and also to dissolve and 
cany off waste products from the tissues. Since water is continually 
being eliminated from the body in the urine and the perspiration it 
is necessary to replace the loss. Many of our foods, especially fruits 
and vegetables, contain a large proportion of water, but in the or- 
dinary diet additional amounts must be obt-ained by drinking water. 
Hawk and hia collaborators at Jefferson Medical College have 
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conducted a long series of experiments from which it would appear 
that copious water-drinking to the extent of a quart or more with 
each meal has many beneficial features. In one subject such pro- 
cedure resulted in a gain of two pounds in five days. 

The minerals of the diet are necessary for the building and repair 
of the bony structure of the body, and also serve in less obvious ways 
to maintain the proper concentration of the body fluids and the tone 
of the cells. Moreover, certain mineral elements enter into the com- 
position of the body substance, as iron, which forms a part of the 
haemoglobin of the blood, and others have specific rdles, like calcium 
which plays an important part in regulating the beating of the heart, 
and sodium which exercises a profoimd influence on the irritability of 
the muscles. Fruits, vegetables, and milk are all excellent sources 
of mineral matter in the diet. 

The organic foodstuffs, fats, carbohydrates, and proteins, are all 
complex chemical compounds which must be broken down by the 
process of digestion before they can be utilized by the system. 

Fats are broken down in the intestine into fatty acids and glycerine, 
which are absorbed through the intestinal wall and apparently re- 
combined into the particular body fat characteristic of the species 
of animal utilizing it. This fat can be stored up in the tissues until 
needed by the organism as a source of energy. 

Carbohydrates include sugar, starch, and allied compounds. They 
also must be broken down by digestion into simple compounds before 
absorption can take place, and these digestion products may be used 
at once as a som-ce of energy, or built up into a new form of carbo- 
hydrate for storage, or converted into fat and stored in the tissues in 
that form. 

Proteins differ from the other foodstuffs in containing nitrogen in 
the only form in which this element can be utilized by the animal 
body. The most diverse substances are protein in nature. The 
muscle tissues of all animals, white of egg, and the curd of milk are 
the principal animal proteins used as food. All vegetables and fruits 
contain more or less protein, but peas, beans, and nuts are the chief 
vegetable sources. Inasmuch as nitrogen is an essential part of 
animal tissues and the animal can obtain the necessary nitrogen only 
in the form of protein it is obvious that this class of foodstuffs is of 
peculiar importance. The relative proportions of fat and carbo- 
hydrate in the diet can be varied almost at will, since either one can 
be utilized as a source of energy or converted into reserve fat, but 
there is a minimum amount of protein necessary for every organism 
without which the necessary nitrogen for tissue building or repair will 
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be lacking. If oMflB of protein above the requirement is eaten a 
amaU portion may be converted into fat, but moet of it is decomposed 
and excreted as waste. . 

Proteins are comhinations of analler units known as ammo-ncuta. 
Mankind requires a certain amount of specific amino acids for pro|H»r 
nouridmient The various proteins have been found to possess (iif- 
ferent biolopcal values according to their power to supply those con- 
structive food elements essential to the maintenance of the b(«ly in 
proper nitrogenous equilibrium. There are eighteen principal an»inr» 
acids, and a few more of lesser importance. The principal amino 
acids make a formidable list. These are glycine, alanine, valini?, 
leucine, iaoleucine, phenylaUnine, tyrosine, serine, cystine, aMpariic 
acid, ^utamic acid, ornithine, arginine, lysine, histidin*-, proline, 
oxyproUne, tryptophane. 

Amino acids are canbined in different proportions to fnrni Mm- 
enormous variety of proteins, somewhat as the twenty-six I«'t.l«TH ,,f 
the alphabet are combined into an almost unlimited number of v.f,n\>. 
The specific character of the individual proteins is due to ili*; I'laf.ivi- 
proportions in which the anuno acids are present. In \hi: roufi-c ,,\ 
digestion the proteins are decomposed into amino ariiin, un: u\if.t,t\„,\ 
in tiiat form and are carried by the blood to the varidUM Wwiu-'., v/l,). ;, 
select what they need for building and repair. Tim rcjOduc i.-. fj.^i 
carried to the liver, decomposed there, and the waHt.« fxitiUi\ 

Careful observations have sho\\*n that the nutritive vnluc of n .,,,, 
tein depends on its content of amino acids, and h\uvm ihi:' \iu:: f^ >,„„. 
established, enormous strides have been made in tin; t-cii /.-r »,f /..,i,. 
tjon, for it is possible to find out by cxperitnttnt, wliicl, ^„,,h ,„,. ^„,, 
vide the best combination of amino acids for a Kivn ^p< > ,* .- ,a ..,,. 
mals and how to supplement one protein which in p.,'*; m .. >> ,\ ,,, 
aminoacidby another in which it is proMciit in cxci:-... (;-,i, / , ,,^ (jj 

The energy of the body is supplied by the hIow l/<j//.(fii/ '',/.'. . -.,,, 
of the food. If the food supply is insuflicictii, Wn- U>x*ti .• /,,., ,,> . . .; 
up instead. This energy appears partly att niuheuliu foi* . . (,.j \. *■ , 
as heat. The more work done by tlirj muKcicK, Om- \u»,\^ "'i// 
required and the more food must bo burned, It Sr.-.f. S^^ h u, .,.■: .. 
the energy set free when food is burned in^id*- f.lje \^,'i/ i.- > ,. • . , i. . 
same as that set free when it is burned out.side U.' \,»,'i/ . ,.<: .,„. . 
quently the energy-value of a food can U- mciis-ijj. -J 1^/ irn,..i.j i ., 
a special form of apparatus, the aihn'iunUr 'tl> *,i,,i .,, ',.-,^, 
used in nutrition is the calorie, and jm the wu^tixwA t,\ {,< ,.\ ^,j... ; „., , ,. 
be required to heat one pound of wat*rr nU/ut 4' i* ,'/*''.* "i <- ,. ,,« 
of this. The calorific value of a given utiifjuhi. </i u |,..|(i. ji. , ,... j 
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is the number of units of energy which it will set free when it is 
burned. 

It is also possible to measure the energy used up in performing any 
kind of muscular work and to express this in calories. The relation 
between the energy output of the body and the available energy from 
the food eaten can therefore be readily calculated. Clearly, if an 
animal performs a piece of work which requires one hundred calories 
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Fia. 1. — This chart shows that butter-fat oootaias aometlung esaenti&l 
for Donnal n^rowth. The curves indicate that after feeding a diet of puri- 
fied foodstuffs, the fat being lard, the animals after growing normally for 
several weeks suddenly began to lose weight. When a part of tlte lard was 
replaced by butter-fat (shown by the beaded line), they immediately re- 
covered. These animals would have died in a few days if this change had 
not been made. 

Courtesy of the Connecticut Agricultural Experiment Station (Bullotin 
215). 



of energy it will require to consume an araoimt of food which will 
supply one hundred calories or else it must use up a portion of its 
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own tissues to make good the deficit. Even when no voluntary work 
is being done and Uie body is resting as completely aa possible, energy 
is being used in the beating of the heart, the movements of the 
stomach and intestines, the rise and fall of the chest in respirations, 
and BO on. This irreducible minimum of energy is called the basal 
metabolism of the individual and varies somewhat with the body 
weight, surface, age and sex. A vast number of measuremente have 
been made on human beings of various ages and averages for different 
types have been ascertained, which may safely be taken aa close 
enough to the actual basal metabolism of any given individual. By 
keeping account of the time spent in various activities in the course 
of twenty-four hours, calculating the energy required for each, and 
adding the values thus obtained to the basal metabolism, a measure 
of the daily energy requirement of the individual can be foimd. From 
this observation the amoimt of food required to supply that energy 
can be determined. A slight excess over and above this demand will 
be required by adults to provide for the repair of the tissue, and a 
larger allowance is needful for the growth of the young. 
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CHAPTER I 
VITAMmS,-WHAT THEY ARE AND WHAT THEY DO 

Thb problem of adequate and economical nutrition — admittedly 
a problem of primary importance to mankind in general — may per- 
haps be said to have developed into an experimental science at the 
be^nning of the 17th century, when Sanctorius^ endeavored to keep 
himself at normal weight by having a huge pair of scales made with a 
chair suspended from one arm and counterpoised by the opposite 
scale pan. Distrusting the guidance of instinct or appetite, it was 
his custom to arrange a definite weight on the pan each day, seat him- 
self in the chair and cat until the scale dipped. Although history 
relates little as to the progress of this experiment it is safe to con- 
clude that the philosopher had some surprises in the course of it, 
and it is not strange that he did not advance very far towards a solu- 
tion of the fundamental question of nutritional economy. Sanctohus 
died, and was forgotten or only remembered with a Bmile, but a 
later and wiser generation fell into a somewhat similar error. 

Following the discovery of the relation between the quantity of 
heat given off when an organic food stuff was burned in a calorimeter 
and the energy furnished by the slow oxidation of that same food 
stuff in the animal organism, came the development of the calorie 
theory. It seemed so logical and so simple (once the mechanioal 
difficulties had been surmounted) to calculate the amount of energy 
used up by a living animal in the course of twenty-four hours, and 
then to provide an amount of food which would furnish just that 
much energy, due allowance being made for unavoidable waste 
through lack of assimilation, for the essential protein for repair of 
the tissues, and for growth in the case of the yoimg. Surely the 
height of efficiency was within reach. The provisioning of a family 
became a matter of simple arithmetic, so many ounces, so many 
calories. The calorie was a popular catchword, and the conscientious 
housekeeper weighed and measxired and counted calories till her brow 

1 De medioina statica apboresmi, Venice, 1614, Translated by John Qoincy, 
M, D., Londoa, 1737. 
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was furrowed with care, wondering vainly meanwhile where the energy 
went to when John ate 1500 calories more than the most generous 
accounting could possibly allow him. Battles raged round the calorie. 
Should we try to "train down" to our rightful allowance or should 
we forget calories so far as our purses would allow us? What was 
the irreducible minimum in calories? How many of them must come 
from protein? How many might come from protein? Did it make 
any difference whether it was animal or vegetable protein and why? 
Bold spirits asserted firmly that we should follow our "God-given 
instincts/' and pointed to many a hale and hearty bon-vivant of ripe 
age. Instances were multiplied of people who were saved from untold 
miseries by decreasing their calories, by increasing their calories, by 
a high protein diet, by a low protein diet. The observant ad- 
vertiser took up the cry and our attention was called to the fact that 
for an insignificant sum we could buy sufficient calories of cereal food 
to maintain us for a day, a week, or a month, while the same sum 
exi)eDded for the more appetizing steak would hardly provide suffi- 
cient energy for an hour. 

But logical as this reasoning was, convincing as were the indis- 
putable figures brouglit as proof, feeding by calories alone proved un- 
satisfactory. The first and most obvious cause of this lay in the 
qualitative differences which were shown to exist between different 
proteins. Proteins are composed of the units known as amino acids, 
but they differ in the proportions of the various amino acids present 
in the combination. Certain of these acids are more essential for the 
living animal than are the others, and if a given protein is poor in 
these essentials it will prove an unsatisfactory food as compared with 
others in which they are more abundant. In the second place, it was 
found that certain foods, although they contained all the necessary 
organic constituents and provided more than sufficient calories never- 
theless failed to nourish an animal because they did not contain the 
inorganic salts required by the system. Careful experimentation 
showed how this lack could be remedied, but still the problem of 
nutrition was not solved. 



Beginning with Lunin in 1881 various investigators endeavored to 
keep experimental animals alive on "synthetic diets," combinations 
of pure food substances put together in the proper proportions to re- 
produce as far as possible natural foods which were known to be 
adequate. One after the other reported failure. Lunin found that 
while adult mice could be kept alive for several months on a diet 
of milk alone they invariably died in less than one month if restricted 
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to a mixture of water, milk protein^ milk fat, milk sugar, an 
of milk in which all its inorganic constituents were pre&e 
which he concluded that tliere must be some indispensable si 
in milk apart from the ordinarily recognized constituents, 
investigators made similar discoveries. In England Hopkii .•*! 
young rats on a mixture of purified foodstuffs and found that if the 
piirification was carried out with sufficient care the rata failed to 
grow, but that the addition of an extraordinarily small amount of 
milk apparently provided the missing ingredient and normal growth 
took place. In America, Osborne and Mendel observed that young 
rats fed on a diet of protein, starch, lard, and a solution containing 
,the mineral salts of milk would grow for a short time but invariably 
began to fail before reaching normal size. So slight a change as the 
substitution of butter for lard caused resumption of normal growth 
and the health of the animal improved. McCoUum and Davis found 
that the missing food substance could be obtained from the ether 
extract of eggs or butter, whereas lard and olive oil, althougli so 
similar in chemical nature to the latter, were valueless in this respect. 
Meantime Funk had been studying the disease known as beriberi. 
The symptoms characteristic of this disease could be produced in 
pigeons by feeding them on a diet of polished rice, and Funk found 
that birds which were at the point of death from this cause were 
cured with astonishing rapidity by a little of the alcoholic extract of 
the rice hulls. Funk assumed that the disease was due to the absence 
of some essential constituent which was present in the outer layer of 
^_ the rice grain and was removed in the process of milling. To this 
^■Bubstancc, tlie nature of which was unknown, he gave the name 
^^jintamine, a name which has been severely criticized as misleading, 
^" but which has nevertheless found a permanent place in the literature, 
r The general resemblance betwen the substance of which a small 
I amount prevented or cured beriberi and the substance of which a 
; small amount seemed necessary to promote growth, led to the term 
vitamine being used for both, and finally tliis term came to signify 
^K a certain class of unidentified factors present in very small amounts 
^^ in natural foods but essential for growth and well being of the animal 
I organism. 

^^ Since the term amine has a certain definite significance in organio 
chemistry, which is not intended to apply in vitamine, Hopkins has 
suggested the term "accessory food substances" instead, a usage which 
is followed by many English writers. McCoIlum objects to this 
terminology however on the ground that "accessory" has a connota- 
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tion of "difipensable" while the eubstancea referred to are essentials, 
and made the suggestion that the growth-promoting substance present 
in butter-fat should be designated "fat-soluble A" and the anti-beri- 
beri substance "water-soluble B" because of their respective solubili- 
ties in fata and in water respectively. A new term "advitants" has 
recently been introduced as a substitute for "vitaminea," but it re- 
mains to be Been whether or not it will find general acceptance.* In 
the present work the nomenclature adopted is that suggested by 
Drimimond," according to which the final "e" of vitamine is 
dropped,** thus avoiding the objectionable "amine" termination, while 
retaining a name that has become familiar througli long usage.'" The 
different classes of vitamins are distinguished as A, B, and C. 

A third member has been added to the vitamin class, the "C" or 
8cur\'y -pre venting vitamin, which is the substance long known to be 
present in lemon-juice and which acts as a preventive or cure for 
scurvy. Whether or not we shall ultimately recognize the existence 
of still other vitamins cannot at present be confidently predicted. 
There is already certain eWdence which would seem to indicate the 
possibility of two distinct substances at present classed together as 
"vitamin B" one of which functions as a beriberi preventive while 
the other is of importance in growth, but so far the evidence is in- 
conclusive. This question will however be dealt with in more detail 
in a later chapter. 

It may be asked, how can the existence of a whole class of sub- 
stances of fundamental importance in the nutrition not only of man 
but of all animals have so long escaped obser\'ation? The explana- 
tion is based partly on the wide distribution of the vitamins in natural 
foods and partly on the mmute quantities required to maintain an 
animal in at least comparatively good health. Under ordinary con- 
ditions, even on what would be considered a most restricted diet, 
traces of vitamins are always present and these traces are sufficient to 
prevent obvious disease, although it is probable that many cases of 
abnormality, debility, and general lack of tone, if not actual disease, 
will be found attributable to lack of sufficient vitamins in the diet. 
It is only when a food has been so treated as to remove or destroy 

« J. Chem. Soc. 1920, 117, 1201. 

> Drumznond, Biocb. J. 14,660, 1920. 

■* Funk doee not endorse Drummond's proposal to drop tho final "e" in 
the term "vitamine." (J. Ind. Eng. Chem. 1921, 1110.) 

■>> The word vitamin has been pronounced in a variety of ways, the approved 
pronunciation being vy'-la-meen. 
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the vitaminfl naturally present that the results become so evident as 
to force themselves upon the attention. By an unfortimate perversity 
the present day manufacturer not infrequently endeavors to make his 
products more attractive by processes which seriously reduce the 
vitamin content, and hence the nutritive value, as in the treatment of 
cereals when the vitamin-rich germ and cortex are removed, or in the 
overheating of foods when drying for the purpose of preservation. 
A striking illustration of the result of this is seen among the rice- 
eating people of the Orient where beriberi followed the introduction 
of modem milling machinery by which the germ and "silverskin" 
of the rice grain, and in these the whole amount of vitamin B, is 
removed. In the West the food is more varied, and it is unlikely 
that any diet would not contain a certain amount of all three vitamins; 
whether the amount is always adequate is however open to serious 
question. 

A second reason why the vitamins escaped detection so long is 
because their absence is indicated only by a subnormal condition 
which may usually be ascribed to other causes. Ordinarilyj lack 
of vitamin will be accompanied by other unfavorable conditions; 
moreover tlie morbid state of the organs which resulted from vitamin 
deficiency might easily be regarded as the cause, instead of merely one 
of the symptoms of malnutrition. 

Finally, there is the wide-spread tendency to look for a positive 
rather than a negative cause of disease; for the presence of an actively 
injurious substance rather than the absence of an essential nutritious 
element. It was only when carefully conducted feeding experiments 
were carried out with liealthy animals kept imder ideal conditions in 
every respect save the one under investigation, that failure of health 
could be traced to its true source. 



How the vitamins act, what part they play in the life process, we 
cannot say definitely. When we have described their general functions 
— growth-promoting, beriberi- and scurvy-preventing — and their 
distribution, and have emphasized their indispensability, we have 
said almost all that wc know positively. Small, even minute amounts 
are surprisingly effective, a fact which suggests that they are of 
the nature of catalysts, agents which have the power of bring- 
ing about extensive chemical change without being themselves 
altered in the process. Practically all of the complex reactions 
in the living cell are believed to be brought about by the catalytic 
action of the enej'mes present in the cell, and it would not be difficult 
to imagine an essential r61e for certain catalysts which do not exist 
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pre-formed in the organism but must be obtained from the food. On 
the other hand, the degenerative change in the vital organs, par- 
ticularly the ductless glands, would suggest the possibility of an inti- 
mate connection between the vitamins and the internal secretions. 
They may be hormones, that is, stimulants in the absence of which 
the glands fail to produce the normal secretion, or possibly they may 
be eflsential though almost infinitesimal constituents of certain tissues, 
which cannot be synthesized in the animal body, and without which 
those tissues cannot develop. 

Such evidence as we have on these points will be given in a later 
chapter. 

Historical 

As indicated in the foregoing, the discovery of vitamins as essentials 
in the diet of animals followed from attempts to maintain animals on 
restricts diets of synthetic food mixtures. 

Lunin/ in 1881 compared the growth of mice fed on milk with 
those on a diet made up of milk sugar, milk fat, milk protein, and the 
mineral constituents of milk, and found that while adult mice could 
live in apparently good health for several months on the milk diet 
they invariably died within one month on the synthetic mixture. He 
draws the conclusion that "other substances indispensable for nutri- 
tion must be present in milk besides caseinogcn, fat, lactose, and 
ealtfl," but this sapient remark was practically ignored for over 
thirty years. 

Henriques and Hansen * endeavored to maintain white rats on iso- 
lated proteins with the addition of sugar, lard, cellulose, and inorganic 
salts, and noted a gradual loss of body weight in each case. 

Hopkins ' studied the nutritive value of purified proteins supple- 
mented by carbohydrates, fats, and mineral salts, and found that 
neither growth nor maintenance of weight could be secured on these 
dietfi. He writes in 1906 [1. c): 

It is probable that our conception of stimulating substances may have to 
be extended. The original vague conception of such Bubjecta being condiments, 
chiefly affecting taste, gained in definiteness by the work of the Pavlov School. 
But the place of speoiHc diet-constituents which stimulate the gastric secretory 
mechanism can be taken by the products of digestion itself, and in this 

« Ztschr. f. physiol. Ch. 1881, 5. 31. 

> ZtAchr. f. phystol. Ch. 1904-^5. 43, 417. 1908, 54, Heoriquet, Ibid. 1900, 
So, 105. 

• WiUcock and Hopkins, J. Physiol, 1906. 35. 88, Hopkins, Analyst, 1900, 
31, 396. 
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cotmection the etimulant in the diet is by no means indispensable. Most ob- 
servers a^ree that the addition to norma) dietaries, of meat extmcts capable of 
stimulaliag the gastric Qow does not increase the actual absorption of food, 
though this point could be properly tested by adding them to artificial dietary 
known to be free from analogous substances. As was einphnsiz^'d above, the 
milk did not affect absorption in my experiments. But such undoubted stimu- 
lating effects due to diet constituents as those discovered by Pavlov may quite 
possibly be paralleled elsewhere in the body on more specific and indispensable 
lines. Stimulations of the internal secretions of the th>Toid and pituitary glands 
which are believed on very RUggcstive evidence to play an important part 
in growth processes, can be legitimately thought of. On the other hand, the 
influence upon growing tissues may be direct. If the attachment of such indis- 
pensable functions to specific accessory constituents of diets is foreign to current 
views upon nutrition, so also lb the experimental fact that young animals may 
fail to grow when they are absorbing daily a sufficiency of formative material 
and energy for the purpose of growth. 

Falta and Noeggerath ^ fed rat« on various purified proteins, 
starch, sugar, and fat, with the addition of salts, water, and in some 
cases lecithin, chole&iterol, and sodium nucleate, all obtained as pure 
as possible. In most cases there was a steady decline in weight 
throughout the experimental period, followed by death, although 
occasionally the body weight was maintained fairly well for the first 
few weeks. In no case did they succeed in keeping the animals alive 
more than 94 days, and tisually death ensued in shorter time. On the 
other hand they were able to keep rats in health on milk alone for 
periods of six months or more. 

Jacob " used pure starch, olive oil, casein, sugar, salts, and cellulose 
as a diet for pigeons and rats, and concluded that the lack of success 
in this and similar experiments was partly due to the unsatisfactory 
physical character of the diet and, probably, partly to the difficulty of 
inducing the animals to eat sufficient of a food which was unpalatable. 
McCoUum'^ noted the same difficulty in feeding rats on complex 
artificial mixtures of purified foodstuffs, and attempted to overcome it 
by frequent changes in the combinations of foodstuffs used and by 
addition of flavors. He concluded that palatability is a most impor- 
tant factor in animal nutrition, and that the failure of previous efforts 
to maintain animals on mixtures of isolated foodstuffs was due to lack 
of palatability. Although he was successful in keeping his animals 
alive for comparatively long periods they failed to maintain their 
weights. In this connection Osborne and Mendel have pointed out 
the difficulty of deciding whether the failing appetite invariably ob- 
served is a cause or result of imperfect nutrition. 

T Hofmeister'B Bcitr. Z. Chem. Physiol. 1905, 7, 320. 

• Ztschr. f. Biol. 1906, 48, 19. • Am. J. Physiol. 1909, 35. 120. 
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That a monotonous and imaccustomed food may be used success- 
fully over long periods of time without ill-effects was proved by 
the experiments of Palta and Noeggerath already referred to, in 
which rats were maintained successfully for six months or more on 
monotonous diets of milk, milk powder or lean horsemeat; by Socin,'* 
who kept mice in good health for 90 days on egg-yolk, starch, and 
cellulose, and by many other experimenters.^^ 

In the light of ova present knowledge many of these early experi- 
mental diets were obviously lacking in amino acid or mineral content 
or both, nor were the conditions ideal in other respects, nevertheless 
the multiplication of evidence seemed to point to an inexplicable 
difference between natural foods and the synthetic mixt\u*es designed 
to be qualitatively and quantitatively equivalent to them. Roh- 
mann^' indeed claimed to have kept mice indefinitely and secured 
reproduction on food mixtures made up of purified components, but 
there is reason to believe that his success was due to the fact that the 
food substances used still contained the essential constituents in no 
inconsiderable amount. 

In 1909 Stepp ^' began a series of experiments to determine wheUier 
animals are dependent on their food supply for lipoids or can furnish 
them by synthesis. He fed materials extracted with ether and al- 
cohol to mice and noted that without exception the mice succumbed 
in a few weeks when fed otherwise adequate food mixtures that had 
been thoroughly extracted. When the extracted material was replaced 
the food was rendered sufficient for maintenance. The lacking sub- 
stance was assumed not to be inorganic since the addition of ash from 
the lipoid extracts failed to maintain the mice. Stepp concluded 
that the essential factors were not fats, since addition to the extracted 
food of butter, tripalmitin, tristearin, triolein, lecithin, and cholesterol 
in turn was without effect. The nussing substance could however 
be extracted from skimmed milk. 

In 1911 Osborne and Mendel ^* published an account of an elabo- 
rate series of feeding experiments on rats, with isolated food substances, 
deigned to compare the nutritive value of various proteins, using as 
a basal diet, starch, sugar, lard, agar (as roughage), and a mixture 
of inorganic salts. Among the many valuable points brought out in 

1^0 Ztschr. {. physiol. Ch. 1891. 1, 15, 93. 

^^ A more complete account of the early nutrition experiments is given by 
HcCoUnm, Am. J. Physiol. 25, 120. 

" AUeg. Med. Cent. Zeit. 1903, No. 1, 1908, No. 9. 

" Bioch. Ztschr. 1909, aa. 46a; Ztschr. f. Biol. 1912, 57, 135, 1912-13, 59* 366. 

i« Carnegie Pub. 150, PU. 1 & 2. 
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their mouogrnph was the fact that even wlien this diet was supple- 
mented by a sufficient amount of protein and consumed in amounts 
wliich fulfilled the energy requirements of the anunals it neverthe- 
tlees iDvoriably failed either to induce aubstiintial growth in young 
rats or to satisfy completely the maintenance requirements of older 
ones over long periods of time. Having observed lliat rats could be 
grown from an early age and even resuscitated after nutritive decline 



Fig. 2. — The picture (A) shows a rat which had been fed for 
one monlh on a diet deficient in watcr-soluhle vitamin. At this 
time tlie animal waa so weak it Mraa scarcely able to stand and would 
have died in a few hours if somo source of tlila vitamin had not 
been funiiahed. After the picture waa taken a small daily dose of 
yeast which is rich in the wat«r-sohib!e vitamin was given to the rat, 
the food remaining otiierwi^e exactly a* before. Twelve days later 
the picture (B) was taken. The result is apparent. 

Courtesy of the Connecticut Agricultural Experiment Station 
(DuUcUn 216). 

by a diet of milk powder mixed with lard and starch, they 
were led to suspect that the essential factor or factors might be found 
in the protein-free portion of the milk, and accordingly milk which had 
been freed from fat, protein, and water, was used to replace the 
' inorganic salt mixture and part of the carbohydrate in the basal 
I ration, with results which were surprisingly successful. When 28.2% 
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of tills "protein-free milk" powder was incorporated in the diet not 
only waji satisfactory ^owtli obtained in the case of young animals, 
but recoven' was promptly manifested in practically e\ery case of 
nutritive decline due to unsatisfactory food, 

Sora<*wlmt similar results were obtained by Hopkins iu eontinuance 
of hie earlier work and (lublisht-d by Iiiin in 1912.'^ Using lui artificial 
diet similar to that of Osborne and Mendel, consisting of casein, fat, 
starch, sugar, and innrpanir salts, winch were prepared by mixing 
ecjual parts of the ash of oats and dog biscuits. Hopkins added milk 
itself, but this was given in such small quantity that the total solids 
contained in it amounted to no more tlian from one to three or four 
per cent of the whole food eaten. This small addition induced normal 
growth up(.>n dietaries which without it were incapable even of main- 
tenance. In those experiments in which the basal diet contained fully 
purified material the rata without milk soon failed to grow. When 
the constituents were less completely puriticd, as when the protein waa 
a commercial preparation of casein, slow growth occurred. In all 
eases the addition of small amounts of milk induced normal and con- 
tinued growth. A similar, but less pronounced effect was obtained 
with the protein-free and salt-free extracts of milk solids and of 
yeast. The total energ>- consumption of the animals tmdcr comparison 
waa carefully determined, and it could be shown that the rats uimju 
the purer dictari- ceased to grow at a time when tlicir intake was 
more than suffi^'ient quantitative!}' to maintain normal growth. If 
growth continued (as upon the less pure basal dietar>') it could be 
shown that the small milk addendum r^-iluccd tlie food consumption 
necessary for given weight incrcmeut to one half or less. The milk 
ration was fed separately and in advance of the administration of the 
main dietary. It could ntft therefore affect the palatability of the 
food or dimiuish its monotony. In general, moreover, it was found 
that cessation of growth ujw)n the pure dietary took place before any 
failure in appetite, although the consumption might later fall to a 
lower level. Any effect of the addendum upon the appetite must 
therefore have been secondary to a more direct effect upon growth 
processes. 

In a later publication Osborne and Mendel "* coiifinn their earlier 
results, but are still in doubt as to the cause. "Wliethcr the deficiency 
of the purely artificial diet is to be attributed to improper profxirtions 
of its constituents, to improper combination of these constituents, or 
to the lack of some essential element, is at present difficult to define.'* 

>* Hopkins. J. Physiol. i9I2, 44. 425. 
" J. Biol. Chcm. 13. 233. 1912-13. 
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They claimed however that preliminary experiments had indicated 
a considerable degree of success in nutrition in the absence of the 
hypothetical "hormone" wliich was assumed to l>e present in the 
milk. Rats wore said to have been maintained in good health for as 
long as 400 days on a diet C()mp<jsed of a purified protein, starch, 
sucro^, and a salt mixture of iuurKuuic faults in tlic proportions in 
which they are found in milk. 

This was disputed by Hopkins and Neville ^' who reported that 
when rats were fed on the ex|)erinientai ratinn of Osborne and Men- 
del, composed of very carefully purified substances they ^^'ere unable 
to obtain any appreciable growth, and the animals, in spite of a satis- 
facton,' consumption of food, were all dead before the expiration 
of 40 days. When as little as 2 cc. of milk per day was given in ad- 
vance of feeding witb the Osborne and Mendel diet, steady growth 
resulted, aJthough distinctly j-lowcr than in tlic earlier experiments 
of Hopkins. 

Osborne and Mendel'* subsequently admitted that the milk-free 
diet was less satisfactory- than they had at first believed. ^'It b true 
that in several instances we have succeeded in keeping grown rata 
in health and in apparent nutritive equilibrium on purely artificial 
food niLxtures over periods far longer than the experience of our pre- 
decessors had led us to expect. But the outcome has never been satis- 
factory in the sense nf extending over what may he considered as 
the larger portion of the lite span of an adult animal." Rats fed 
on purified protein, lard, starch, and protein-free milk grew excellently 
for sixty tu a hundreil days, but so<mer or hiter thereaftiT normal 
growth stoppetl. The animals remained at constant weight for a 
few days, or grew very slowly, and then suddenly declined and died 
urdess a clumge was made in the diet. They prepared various mix- 
tures of salts designed to imitate as closely as possible those salts 
present in milk, and found that while under certain conditions there 
was very considerable growth, nevertheless in most cases this ceased 
sooner tiian tliat induced by the natural protein-free milk. 

The manifest suiieriority of natural milk foods o\'er either "natural'' 
or "artificial [>rotein-free milk," whiili h:id been demonstrated by 
Hopkins, having been thus conHnncd by Osborne and Mendel, these 
investigators arrived at the conclusion that the essential factor must 
be associated witli the eream which had l>cen removed in the prepara- 
tion of the "protein-free milk." When the lard which they had used 
as the fat component of the diet was replaced by butter-fat the result- 

" Bioch. J. 7, 96, IB13. 

" J. Biol. Cbem. 15, 311, 1913. 
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ing food was found to be as satisfactory for growth and maintenance, 
aad also for the recovery of animals which had begun to decline as a 
result of unsuitable food, as was tlie natural milk food. 

Meantime, in a series of experiments carried on at Wisconsin Ex- 
periment Station *" McCoUum and his collaborators had been study- 
ing nutrition problems, and had been led to attempt to nourish young 
rats on diets composed of purified proteins, carbohydrates, fats and 
mineral salts. They confirmed the results of the earlier investigators 
ns to the impossibility of maintaining life on such diets. Animals so 
fed lived no longer than those which were left to fast. On the assump- 
tion that the failure was due to tlie lack of some dietary essential 
n systematic attempt was made to discover and identify the missing 
factor. A paper by McCoUxmi and Davis "" anticipated by a few 
days the publication of Osborne and Mendel to which reference has 
been made. These investigators found that while normal growth 
could be secured with rats on a diet of 18 per cent puri- 
fied casein, 20 per cent lactose, 5 per cent butter-fat, a 
salt mixture made up in imitation of the mineral content 
of milk, and starch to make 100 per cent, no growth could 
be obtained if the butter-fat was replaced by lard, olive oil, or other 
vegetable oils. Ether extract of egg yolk was found to have the same 
stimulating efifect as butter fat. They conclude: "The fact that a 
rat of 40 to 60 grams in weiglit can grow normally during three months 
or more on such rations (i. e. those containing neither butter-fat nor 
egg) then cease to grow but maintain its weight and a well -nourished 
appearance for weeks, and then resume growth on a ration contain- 
ing certain naturally occurring foodstuffs would lead one to the 
belief that on these mixtures of purified food substances the animals 
run out of some organic complex which is indispensable for further 
growth but without which maintenance in a fairly good nutritive 
state is possible." 

The conception of a food constituent which is present in natural 
foods in amounts too small for chemical indcntification but which is 
necessary for the preservation of health had been arrived at from quite 
a different starting point by another group of workers. The disease of 
beriberi, so common among the poor classes in the East, had been 
shown by Eijkman in 1897'* to follow from a restricted diet of "pol- 
ished" or highly milled rice, whereas when the food consisted of 
home-milled rice, in which the germ imd pericarp is retained, 

» Win. ABTio. Exp. 8U. Res. But!. No. 17. 1911. 

»" J. Biol. Chcm. is, 167. 1913. 

<i Arch. f. path. Anal. 1488, 523, 149. 197. 
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there is no trouble from the disease. Eijkman found that poultry 
fed on polished rice developed a polyneuritis in which the symptoms 
were very similar to those observed in human beriberi, and finally 
died if the diet was continued, but that a prompt cure could be effected 
by feeding tlie rice-polishings. He suggested that some substance was 
removed in the polishings which was necessary to overcome the in- 
jurious effect of a harmful factor in the diet. Frascr and Stanton *' 
concluded that the disease was due to a lack of some substance of high 
physiological importance, the presence of which is essential to the 
maintenance of health. Scurvy was another disease which was recog- 
nized as due to a deficient diet, and a very considerable amount of 
literature was in existence dealing with the remarkable preventive 
and curative power of fresh fruits and vegetables as compared with 
preserved foods.** 

To the curative substance which he isolated from the rice-polishings 
Funk '* gave the name of " vitamine " in 1912, and at the same time 
formulated the hj-pothesis that the failure to promote normal growth 
in youn^ animals by proteins containing sufficient amino acids to 
maintain adult animals in nitrogen equilibrium, is due to a deficiency 
in vitamins. A deficiency in vitamins produces also a pre- 
disposition to many other diseases, among which is rickets. 

Osborne and Mendel ** verified and extended their earlier re- 
searches on the growth-promoting properties of butter and demon- 
strated very conclusively that the essential factor was concentrated 
in the fat. They confirm McCollum and Davis' observation as to 
the efficiency of e^-yolk in promoting growth, and mentioned that 
all fats are not alike in Uiis respect. While recognizing the importance 
of Funk's work they were hesitant at that time about accepting his 
hypothesis. "It is still rather early to generalize on the role of 
accessory 'vitamins' when the ideal conditions in respect to the famil- 
iar fundamental nutrients and inorganic salts adequate for prolonged 
maintenance arc not completely solved. Speculation is quite justi- 
fiable in so far as it directs attention to a new phase that needs to be 
taken into account." Funk has expressed the belief that the sub- 
stance which promotes growth and must be present in order to avert 
the cessation of growth, which we have described to occur after a 

" Studiee from loat. for Med. Res. Fed. Malay Stat«8, No. 12, The Etiology 
of bent>eri, 1911. 

SI For Summ&ry, see Cooper, Brit. Med. J. Ko. 2727, p. 722, 1013, and 
Funk, Erfteb. d. Physiol. 13, 125. 1913 

» Brit. Med. J. 1912, 11, 787, J. State Med. ao, 341, 1912. Ergeb. d. physiol. 
13, 125, 1913. Bioch. Bull. 1915. 4. 304. 

» J. Biol. Chem. xG, 423, 1913. 
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certain period of succeBsfu! growth on our earlier dietaries, is either 
identical with, or analogous to, tlie vitamin which plays the r61e of 
an antiscorbutic substance. For this we can as yet find no compelling 
evidence. Certainly the nitrogen-free butter-fat, bo successful in 
remedying our growth failures, contains no substance chemically 
related to the nitrogenous products wliich have lately been credited 
with this imique physiological efficiency. Furthermore it is well to 
bear in mind that it is uot improbable that the autineuritic and aixti- 
Bcorbutic constituents of foods are not identical with the substances 
alleged to assist in maintaining body weight." 

Consiiderable uncertainty existed at this time as to whether the 
growth-promoting substance was to be regarded as identical with 
antineuritic and antiscorbutic factors. Stepp " expressed the belief 
that there is more than a single class of unknown accessory substances 
necessar>' for prolonged maintenance of an animal, but he employed 
only solvents for lipoids in preparing his foodstuff. Voegtlin and 
Towles*' noted that the extracts of autolyzed spinal cord were anti- 
neuritic, yet were unable to reestablish normal metabolism, i.e. restore 
body weight. Hopkins '-"^ remarks in 1914, "It is uncertain as yet 
whether the substance necessary for growth is the same as that which 
can cure the neuritis which develops in fowls fed on polished rice, and 
the absence of whicli from a diet is supposed to be responsible for 
the disease beriberi." Funk and Macallum " found that huttcr-fat 
bad no beneficial effect on pigeons suffering from polyneuritis, and 
that yoimg rats and pigeons were unable to live on diets of pure 
casein, sugar, starch, agar (.for roughage), mineral salts, and butter- 
fat, even when the latter made up as much as 30% of the diet. Addi- 
tion of from 2-6% of dried brewers' yeast remedied the defect so 
that good growth and maintenance were obtained. They concluded 
that "the growth-promoting factor is beyond question contained in 
the yeast," but were uncertain as to whether there were one or more 
growth-stimulating components in the yeast, or wht^ther tlie yeast 
alone without butter would produce normal growth. McArthur and 
Luckett "° were also unsuccessful in attempting to feed mice on casein, 
starch, lactose, and mineral salts or protein free milk, all of which 
had been extracted with alcohol and ether, supplemented with butter 
to the extent of 25%, but obtained good results when less than 3% 



» Z. Biol. 62, 405, 1913. 

" J. Exp. Pharm. 5, 67, 1913. 

>• Ann. Repts. on Prog, of Chem. IQH. 210. 

" J, Biol. Chem. 1915, 33, 413. 

" J. Biol. Chem. 1915, ao, 161. 
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of the alcohol-ether extract of egg-yolk was incorporated in the diet. 
They proved that the essential substance was neither lecithin, cephalin, 
cerebrosides, cholesterol, or fat, and suggested that it might be Funk's 
vitamin, but were unable to account for the discrepancy between the 
results and those of McCollum and Davis and Osborne and Mendel 
with regard U) the efficiency of butter-fat. 

McCollum and his associates were now engaged in a study of the 
nutritive properties of the individual grains.** In the case of wheat 
it was found necessary to supplement the grain by addition of protein, 
inorganic salts, and a growth-promoting fat (butter-fat), but when this 
was done the diet proved satisfactory for growth, maintenance, and 
reproduction. They next turned their attention to rice, expecting 
similar results, but to their surprise they found that polished ricej 
even when supplemented with protein (casein), butter-fat, and a suit- 
able salt mixture, not only failed to induce growth in young rate, but 
permitted the development of polyneuritic symptoms. Tlie possibility 
of a toxic principle in the rice, as suggested by Caspar! and Moszkow- 
ski," was eliminated by the fact that no improvement could be de- 
tected when the amount of rice in the ration had been reduced to one- 
half, the deficit being made up by dextrin. Comparison with the earlier 
experiments in which good health and growth had been secured in 
animals fed upon purified protein, starch, milk sugar, butter 
fat, and inorganic salts, suggested lactose as the only missing compo- 
nent constituent in the rice diet, and experiment showed that when 10 
per cent of Merck's lactose replaced an equivalent amount of polished 
rice there was marked improvement. McCollum and Davis concluded 
therefore that the lactose carried a second factor essentia! for normal 
nutrition during growth, distinct from that present in butter-fat and 
egg yolk. This new factor, now known as vitamin B, is present in 
milk, and being soluble in water but apparently not in fats, remains in 
the skimmed milk where the butter-fat is separated. It is absorbed 
by the lactose and can only be removed from thia by very careful 
recrj'stallization, so that rations containing commercial lactose would 
contain an abundance of this substance, as would also the "protein- 
free milk" of Osborne and Mendel. It was found to be present 
also in rice politihings, in water extract of egg yolk, and in 



" Wise. Ag. Exp. Sta. Res. Buil. 17, 1911; McCoUum aad Davis, Proc. Soo. 
Biol. Chem. J. Biol. Chcm. 14, XI, 1913; Hart and McCollum, J. Biol. Chcm. 
19. 373. If)I4; McCollum and Davis. J. Biol. Chem. ao, 415, 21, 615. 1915. See 
also McCollum, Newer Knowledge of Nutrition (1919), pp. 20 ft S. McCollum 
and Davis. J. Biol. Chcm. 33. 181. 1D15. 

» Berl. klin. Wehnschr. 50. pt. U. 1516, 1913. 
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water or alcohol extract of wheat embryo, observations which 
sufficed to clear up the mystery of the conflicting results referred to 
above.** 

Funk's vitamin hypothesis included scurvy as one of the defi- 
ciency diseases, an etiology which is almost universally accepted, and 
the rapidly accumulating evidence concerning the antiscorbutic prop- 
erties of foodstuffs has proved conclusively that there is a third 
vitamin concerned^ which Drummond *• has designated as "water 
soluble C" following the nomenclature of McCoIlum and Kennedy.*'' 
A more detailed study of the work leading to the recognition of this 
factor will be given in the chapter on scurvy. 

While there ia still some difference of opinion as to the part played 
by vitamins in connection with certain spcciflc diseases, the im- 
possibility of maintaining health on a diet lacking either A, B, or C is 
generally regarded as firmly established. As an example of the very 
small minority who, in the face of overwhelming evidence, persist in 
attempting to controvert the vitamin hypothesis we may quote Roh- 
mann." 

Rohmann asserts that accessory foodstuffs are not necessary for the 
continued maintenance of fully grown animals, and that if long familiar 
nutrients arc suitable in quality and quantity nothing further is essen- 
tial in the ration. 

"The assumption that some unknown substances are indispensable 
for growth is a convenient device for explaining experiments that 
result in failure — a device that becomes superfluous as soon as the ex- 
periment succeeds." 

As evidence against the indispensability of vitamins he cites a new 
series of experiments on growth and maintenance of white mice fed 
with artificial mixtures of food supposedly free from these so-called 
accessory substances. In many of his earlier experiments he used yeast 
to impart a suitable texture to the food mixtures. Since yeast is now 
recognised as an efficient source of vitamin, in his latest experiments 
he has avoided this possible criticism by using starch digested by puri- 
fied diastase, with baking powder as leavening agent 

» McColIom and Davis, J. Biol. Cbem. 33, 231, 1916. 

" Lancet, 1918, 11. 4S2. 

» J. Biol. Chem. 1916, 34. 493. 

** Ktmstliche Enrahnuig u. Vit&mine, Berlin, 1916. 
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Diet I 

Egg white 5 gai. 

Egg white iron 2 

Potato starch {predigested) . . 20 

Potato starch (raw) 25 

Wheat starch 90 

[ Dextrose 5 

Margarine 10 

Salts 3 

Baking Powder 6 



Diet n 

"Kakoee" 2 gm. 

Casein iron 20 

Potato starch (predigested).. 25 

Potato starch (raw) 90 

Wheat BtoTch 20 

DextroM 24 

lATd 00 

Salts 6 

Baking Powder fi 



The foodstuffs in diet 2 were either treated in alcohol without wann- 
ing, or were heated three hours at 120-150 C. 

The Kalsose used was a commercial preparation of casein combined 
with calcium, and still containing some milk sugar and doubtless other 
products present in milk. In this diet 0.2 g. of "Merck's purified 
diastase/' washed with alcohol, was used to digest 20 g. of starch. 

Rohmann states that with Diet 1 five yoimg mice having an average 
initial weight of 6 g. were successfully reared. Addition of casein gave 
still more successful results, for a third generation was obtained. He 
states that he has succeeded in rearing young mice and subsequently 
maintaining them, but these results were frequently induced by added 
extracts of yeast, by small quantities of nulk, or with "Filtrateiweiss," 
a product "principally composed of the proteins which remain in solu- 
tion after the precipitation of the casein of milk," and which was 
supposed to have been rendered vitamin free by heating or by extrac- 
tion with cold alcohol. 

Rohmann's work has been severely criticised by Osborne and 
Mendel " who point out that it is doubtful whether either of the meth- 
ods selected by Rohmann can be depended upon to exclude all traces 
of vitamins. 

"The thesis that a successful, i. e. positive, experiment in nutrition 
is far more significant than a negative one is doubless valid. On the 
other hand, in dealing with substances which, like the alleged vitamins, 
are potent in surprisingly small amounts, the burden of the proof 
with respect to the complete absence of effective substances so widely 
distributed among the natural foodstuffs falls on those who deny the 
need of them." *• 

" J. Biol. Ch. 31. M9, 1917- 

'" The Vitamine Manual by Eddy (Baltimore, 1921) contains a bibliography 
OQ vitamins. See also The Vitamines. by Punk. Translation from second 
Qflmuui edition by Dubin. 




^ 



The preceding chapter explaizu how it was that bo important a 
factor in nutrition as the ^'itamins are now believed to be, could have 
escaped recognition for so long a time, and follows in some detail the 
gradual development of the modem conception. In order that we may 
be better satisfied as to the validity of this theory however, a careful 
examination of the experimental evidence forming its basis is neces- 
Bar>'. The present chapter is devoted to a description of the experi- 
mental methods employed. 

As we have already pointed out, it was a matter of common ob- 
servation that certain restrictions in the diet were followed in some 
cases by definite diseases, beriberi and scur\y, and in others by gen- 
eral failure. As knowledge of the familiar constituents of food became 
more extensive experimental conditions were improved and causes 
and results could be connected more accurately. In this way the 
first information about vitamin .4 was arrived at by accident, as it 
were, in the course of investigations designed to solve other problems, 
while the direction in which the investigation of the antineuritic vita- 
min should proceed was indicated by Eijkman's observation that the 
polyneuritis produced in fowls by a diet of polished rice was closely 
analogous to, if not identical with, the disease of beriberi in man. 



Vitamin research has been carried on almost entirely with the 
use of two or three types of small animals as subjects;* — rats and oc- 
casionally mice •• for the study of the factors A and B, pigeons and 
fowls for work on the antineuritic principle (although cats* have 
also been recommended as very satisfactory for the purpose), and 
guinea pigs and in a few cases monkeys' for observations on C 

The advantages of working with the smaller animals are obvi- 

1 Hume recommeada guinea pigs aa a substitute for rata in testing for A 
in noQ-fatty foodstufb. Biochcm. J. 1921, is, 30. 

i> HcArthur and Lnckett. J. Biol. Chem. 20, 161. 1915. Rohnunn, F. Ueber 
kunstliche Ernahrung und Vitaroine, Beriin, 1916. 

< VocKtIin and Lake, Am. J. Phyaiol. 47. 55S, 1918. 

* Chick, Hume and Skelton, Lancet 1918, ii, 735. 
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abooi 130 di^ay aod wffl as a rale bare five fittan by the lia» tba 
nachea the age of 14 months, wiuch age otarks \ht end of her fer* 
tility.* Moreonrer it it onaavoraaa, and benee adapU it^U mort eaiily 
to a variety of <fiete tfaaa do many specna, and* from the mauy reoonb 
of animals kepi in vigorous beahb on a soitalde diet over long pariodi 
of time, it appears to saffo- less from eonfiaaoaect than larger ani- 
mals necessarily must. On the other band the riit ap()cani to be 
entirely immune from scur%7, and ao for observations on acorbutio 
and antiscorbutic dieta the highly eiisceptible guinea pig la UMd 
instead, while the extreme promptness with whicli pigaoiia and fowla 
succumb to polyneuritis and respond to anti-ncuritio treatment renders 
them peculiarly suitable for experimentation in tliis dirvction. 

In general, it seems justifiable to assume tliat a factor wliich is 
essential in the diet of one species of animal will bo highly advan- 
tageous if not equally indispensable for another. The oloao similarity 
between tlie symptoms of polyneuritis in fowls and in cata and dogs 
and of beriberi in maUi of scurvy as observed in the guinea-pig, in 
puppies, and in human beings, and the fact that tlio oye-diiioiuic so 
often appearing in animals on a diet deficient in A has also l)cen 
observed repeatedly in children on a diet lacking fat, would 
appear to confirm this conclusion. Moreover the curative 
measures proved efficient for the lower animals liavo produced similar 
results in human cases. McCollum saya: ^ "A suSlolont 

* Donaldson: Comparison of the white rat with man in riMpwt to the 
growth of the entire body. Bo&a Memorial Volume. N. Y. ItKM. 
Slonaker. J. An. Behav. ii, 20, 1013. 
McCollum. Newer Knowlcdftc of Nutritiuu, 1010. 14. 
' McCoUum, Newer Knowledge of Nutrition, 1010, lA. 
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number of comparable experiments have now been conducted 
with several species of animals to make it appear certain that 
the chemical requirements of one species are the same as that of 
another among all the higher animals. The requirements with respect 
to the physical properties of the food vary greatly. The ruminants 
must have bulky food with the right consistcucy, whereas tlie omniv- 
ora (man, pig, rat, etc.) cannot, because of the nature of their 
digestive tracts, consume enough of such foods as leaves and coarse 
vegetables, to meet their energy requirements." 

McCollum, Simmonds and Pitz * assert that their experience of 
over a decade with rats and swine has convinced them that the 
nutritive requirements for these two species at least are essentially 
the same. As mentioned above, rats fail to develop scurvy on a diet 
on which a guinea pig succumbs promptly, nevertheless such a diet 
does not usually promote growth and well-being in rats. 

On the other hand certain investigators have uttered a word of 
warning. Steenbock, Kent and Gross ' say that " though the data 
(obtained by various investigations) cover a considerable range 
of nutrients from diverse sources much remains to be accumulated 
before the human dietitian or the animal feeder — unless willingly 
a88\maing the r61e of a speculator — can state what limiting factors 
are imposed on an animal by subsistence on a ration compounded 
from various sources. In this biological method of analysis, results 
are obtained which are not always directly applicable to animals 
of different species. For instance, it has been found that the require- 
ments of birds for the water-soluble vitamin are far greater than those 
of the rat. Specific unequivocal data can only be obtained by direct 
experimentation on the animals in question. In this connection it 
must not be forgotten that the difference in the anatomical features of 
the digestive tracts of different animals entirely precludes the possi- 
bility of obtaining comparable data of the nutritive value of rations 
for the ruminant, for example, as compared with the rat. ... As 
'guiding information' for the outlining of future work much of value 
can, however, be obtained by the use of the rat as the experimental 
animal. When once the dietary properties of various naturally occur- 
ring foods have been ascertained individually, it will in many cases 
be possible to forecast with a considerable degree of certainty the 
nutritive value of combinations of these. In any case the situation 
is far from being simple as is especially the case of protein supple- 
mentation where the eighteen amino-acids must be considered as the 

* McCollum, Simmonds, and Pitz, J. Biol. Chem. 30, 14, 1917. 
> Steenbock, Kent and Gross, J. Biol. Chcm. 35. ^. 1918. 
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physiological units, many of which by the inability of the body to 
;«ynthesize them, can act as growth determinants." 

Hart, Halpin and McCoUum*" found a striking difference in the 
mineral requirements at least and possibly in other nutritive needs 
of chickens as compared with mammals. In this connection they 
remark that in investigations invohnng rats, swine, and cattle, there 
has been constant agreement among these three species in the effects 
produced by the several rations studied. There may have been some 
sliglit differences between the resistances of swine and rats to certain 
rations, but on the whole substantial agreement has resulted. It 
does not follow, however, that this would be true with every ration 
that may arise for investigation nor that the requirements for the 
normal factors of nutrition be exactly identical among all species 
of animals. For example, chickens behave entirely differently from 
either ruts^ or swine on rations limited to corn or wheat grains and 
their products. Chickens started at half normal weight can main- 
tain themselves and even make slow growth and produce fertile eggs 
on rations restricted to gluten feed, calcium carbonate, and either 
com or wheat meal, while swine and rata on this same food suffer 
serious loss of weight and on the wheat ration develop symptoms 
I resembling those of polyneuritis. Later work showed ^' that younger 
^p birds tolerate wheat much less effectively than do more mature fowls, 
^^ requiring addition of casein and A vitamin, as well as adjustment of 
I the mineral content of the ration, whereas in the case of com, addi- 
I iions of casein and common salt were sufficient to make it a satis- 
^H factory food for baby chicks. 

^B The experimental methods adopted by Osborne and Mendel in 
their early work" will serve as typical of most of this class of work. 
The experimental animals were white rats. These were kept in 
metabolism cages modelled after those described by Henriques and 
Hansen." Where it was thought desirable to collect the feces and 
urine for analysis this was arranged for by rci^ting the cage on a large 
glass funnel from which the liquid trickled dovMi into a bottle con- 
taining chloroform and boric acid, while the solids were retained by 
a grating in the funnel. In later experiments the funnels were dis- 
pensed with, the cages being placed over a frequently changed sheet 

20 Hart, Halpin and McCollum, J. Biol. Cbem. 29, 57. 

^i Hart, Halpin and Steenbock. J. Biol. Chem. 31, 415. 

I" Osborne and Mendel, Carnegie Publication 156, 1912. 

>> Henriquea and Hansen, Zeitschr. f. pbysioJ. Chem. 43, 418, 1904. 
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of absorbent paper upon an enamelled tray or pan. For the most 
part, however, the analysis of the excreta is unnecessary in work on 
vitamins. 

The food was mixed into a paste with melted lard to prevent the anim&Is 
from scattering it as they ate. Osborne and Mendel say: ^* "The inclusion 
of 20 to 4S per cent of fat in the diet — a condition necessitated by the requirc- 
mento of the experiment aa outlined — seems like an excessive amount, never- 
tbelen the utiliiataon appean to be satisfactory and attempts to devise less 
objecdon^le modes of feeding have been unsuccessful in our hands." 

In order to avoid frequent weighings of food, this was introduced 
into a glass cylinder about 25 cm. in length and 3 cm. in diameter. 
A rubber stopper was inserted into one end which could be moved for- 
ward like a piston bead and the food expelled from the other end 
of the cylinder into the food receptacle. The exit end of the cylinder 
was kept stopped when the food was not being expelled and the entire 
apparatus with its food content was kept in an ice-box which made 
possible ita preservation, for long periods without deterioration of 
the diet. The food eaten can thus be renewed at intervals and the 
quantity fed determined when desired by ascertaining the loss of 
weight of each food tube. 

Great care was taken to secure optimum conditions of temperatiire, 
etc., since rats are sensitive to marked changes. To ascertain whether 
these conditions were suitable a control series of animals on what 
was supposed to be an entirely satisfactory diet of ground dog bis- 
cuit and lard were kept imder observation and their average growth 
and development compared with that of the group on the experimental 
diets. Donaldson's study of growth in the rat was also used as a 
standard of normality. From their observations they concluded that 
neither caging nor monotonous diet reacted unfavorably upon the 
health and vigor of the animals. 

While they were accustomed as a general procedure to add a 
small quantity of agar-agar to the food mixtures in order to provide 
roughage and facilitate evacuation, they succeeded in maintaining 
rats for over a year without this or any other indigestible constituent 
in the food. 

In McCoUum's work the rats were kept in cages two feet square 
and twenty inches high, made of wire netting nailed to a wooden 
frame. The entire floor space was covered by a square pan of gal- 
vanized iron which fitted snugly. In the pan clean wood shavings 
covered the bottom. The food and water supply was suspended so as 
not to become mixed with the shavings. In this way a good oppor- 
^* Otborne and Hendel, 1. o. Pt. 2. p. 61. 
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tunity was provided for ventilation and exercise. Several rats were 
always kept together.^* 

Mitchell and Nelson criticize the use of wood shavings, which they 
replaced by paper excelsior. They say:*' 

"We cannot agree with the statement of McCoUum and Davis that 
tliey do not look upon the consumption of a small amount of wood 
fibre as objectionable to any greater degree in this type of experiment 
than is the feeding of agar-agar. Also, the availability and nutritive 
value of the nitrogenous and mineral substances of the wood cannot 
be as lightly disregarded, we believe, as they have been by these 
investigators." 

The conditions and technique made use of by Hopkins may be 
taken as representative of the methods of the English investigators." 

His expehmcuta were all coDCerned with young mUi at a tttage when rapid 
grovrth is nonnal. Their initial weight was moetly from 35 to 50 grams, a stage 
wheo weight is normally doubled on an efficient dietary in 20 days or leas. The 
aoimals, unless otherwise mentioned, were always fed two in a cage, bucks being 
pairc<l with bucks and does with does. When the amount of food eaten is to 
be determined, this grouping has the disadvantage that an avcmge for the two 
animals must be accepted, but when food is given in exceas of the quantity re- 
quired, this is not an important point, and any disadvantages are more than 
counterbalanced by the fact that quite young rats progresa more norinaJly when 
they have a companion than when kept singly. Great attention was given to 
the maintenance of a uniform temperature, this being recorded by a registering 
thermometer. In particular a constant temperature for day and night was care- 
fully secured. The rats were kept in round wire cages somewhat similar to 
those used by Henriques and Hansen and by Mendel and Osborne, though 
shallower and of wider mexh. They stood in trays filled with sawduat, over 
which was a layer of filter paper. Rats tend to eat both sawdust and paper. 
so the cages were raised upon legs four inches high. Two basal diets were used, 
differing only in the protein they contained. In one the protein was Merck's 
pure casein prepared by Hammersten's method, in the otlier it was the commer- 
cial casein preparation known as "Protene." No roughage was provided, as 
with rate Hopkins considers it unnecessary. 
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rThe salts added were obtained by incinerating the normal laboratory food on 
which the rat« had been kept when not under experiment and consisted of equal 
IB McColltUD and Davis, J. Biol. Chem. 20, 644, 1915. 
10 Mitchell and Nelson. J. Biol. Chem. 23. 460, 1915. 
" Hopkina, J. Physiol. 1912, 44, 427. 
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up for feeding; the proiem uid itArcfa aot being pnriooslr dried. 

'The protein, Mardi, mnd wgu- aod mitt were mind dzy. ud the Ut nibbed 

lin by bAnd, the mixture bemg worked up ontil of oompleiety tmifonn oompofli- 
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{•lor each psir of raU wu weighed out di7, snd given the ihaiiriJii ^""■^■*^»*t 

in the foUowmg wmy. Hslf the Tstioa was mixed with enoi«fa water to make 

H into a thin paste, and the remaming half of the dry material was then added 

.little by little, and well stirred in with a glan rod. The final mixture thus 

l«bt«jned was of such a consistency and character that the rats ate rt freely, 

Lftnd almost without any tendency to scatter the food. The amount of food 

given WB« always m excess of the consumption. Water was supplied in a qwdal 

vtwiet. before the day's rati<»i was administered to either set of rats, each 

individual of that set which was to receive milk was put into a separate cage, 

snd the measured quantity of milk given ils a separate ration. Only after 

this was ocmsumed — and its consumption never occupied more than a few 

minutes — were the rats returned in pairs to the ortginal cages. Both sets 

were then fed simultaneously with the artificial mixture. The compositian of 

the milk was careruUy determined from time to time, and the energy oonteot 

of the solids was occasionally determined in the calorimeter. This scareely 

varied from the value of 4.7 calories per gram." 

Hopkins found it possible to determine the amount of food eaten with 
great accuracy. A very small quantity might fall throu^ the bottom of the 
cage on to the filter paper beneath, but this could always be recovered quanti- 
tatively. Absolute aocuracy was to be obtained by removing such spilled 
food at frequent intervals, so as to avoid any »oakage with, the urine. The 
amount spilled was never more than a minute fraction of the food eaten, or 
of that weighed back ; and in practice no difficulty was found in dealmg with it. 
At each day's feeding, the food left over from the previous day was carefully 
removed from the vessel which contained it, the small quantity of spilled 
food added to it, and the whole dried at low temperature till of constant 
weight. This weight was deducted from the dry weight of the food mixture 
as originally weighed out. During periods in each experiment the feces were 
collected in order to dcU'rminc the energy content, so that data as to the 
absorption of the food miicbl be obtained. Tho greater part of the feces fell 
through the botl,om of the cage on to the paper beneath, and as this lay 
upon sawdust, any urine paved was rapidly soaked up, so that very little 
ooDtamination of the feces occurred. No attempt was made to demarcate the 
feces of ibe experimental period, but as they were collected for a week, and 
under precisely similar conditions in the (wo sets of rats under comparison, 
such demarcation set'inod unnecessary. 

Drummond imd Coward " huvo worked out a technique for carry- 
>• Drummond and Coward. Dloab. J. U, Ml, 1D20. See also Osborne and 
Mendel, J. Biol. Cbem. 4fl. 377. 1030-31. 
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' Id out teste for vitamin A. The basal ration which they employ is 
composed of . 

Purified casein 18 parts 

Purified rice starch 53 

Refined bydrogenated vegetable oil 15 

Yeast extract fi 

Orange juice 5 

Salt mixture 5 

They state that small rats of 50-70 Rrams (4-5 weeks old) should 
show very little growth at all and should remain stable for a week 
I or two after the slight initial growth. Any considerable increase 
in body weight in rats of this age on the diet is to be taken as an 
indication that the basal ration is insufficiently purified. They regard 
rats of considerably over 100 grams weight as unsatisfactory for 
testing for this vitamin and prefer to use only rats of between 80 and 
120 grams, of which the growth has been suspended for 10-14 days. 

Although the experimental methods above described were developed 
for use with rata only they will serve to indicate the important points 
to be observed in the case of animals in genera!.'* 

Certain general considerations are further emphasized in the lit- 
erature. It is obvious, as Osborne and Mendel ^'^ point out, that the 
experimental conditions, apart from the food, must be such that con- 
trol animals on a normal diet can grow and maintain themselves over 

^' For methods of handling other species of experimental animals sec: 
Wells and Ewing. Georgia Agric. Exp. Sta. Bull. 119. 1916, for cxpehmento 
with pigs; Osborne and Mendel. J. Biol. Chem. 26, 203, 1916; 33, 433, 1918. 
I>niromoDd, J. C. Bioeh. J. 10. 77. 1910, and Funk and Macallum* Ibid. 27, 
3, 1916, for experiments with chickens. Mitchell, H. H. J. Biol. Chem. 26. 
231, 1916. for experimenta with mice; Cohen and Mendel, J. Biol. Chem. 35, 
429, 19U, for experimenta with guinea piga. 

Hume (Biochem. J. 15. 30, 1921) advocates the employment of guinea pigs 
for trial, in testing the vitamin A value of non-fatty foods, when for an>' reason 
rats are unsuitable for the purpose. Hume fed gtiinea pigs with a mixture of 
oats and wheaten bran ad libitum, but weighed. To this was added the food 
to be tested in weighed or measured quantities; the residues were either fed by 
hand or were measured and the quantity actually consumed was calculated. 
Whenever necessary', extra antiscorbutic in the form of orange juice was added. 
Growth took place when green cabbage Craw or steamed), green cabbage juice, 
hay and milk (raw, heated or dried) were added to a diet of oats and bran and 
water. The growth varied according to the size of the ration given. Raw white 
cabbage, white cabbage juice, swede juice, orange juice, onion or germinated 
peaa produced little or no growth. The growth-promoting acoeasory substanoe 
in these experimenta corresponds in its distributioa among foodstuffs with the 
known distribution of vitamin A, 

» Oibome and Mendel, J. Biol. Chem. 13. 234, 1013. 
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a satisfactory period of time in a perfectly normal manner. In thia 
connection it should be noted that a "normal" growth cur\'e is not 
complete proof of satisfactory nutrition, McCollum, Sixnmonds 
and Parsons *^ observe that when the faults of a diei are of a oer^ 
tain degree of magnitude, animals with a fair amount of vigor may 
grow at the normal rate and reach full adult size and yet not be in 
a state of optimum physiological well being. If continued on such 
diets, they may be tardy in maturing sexually, or may be capable 
of but a fraction of the fertility of the vigorous, well-nourished in- 
dividual. It has likewise l)ccome apparent that animals which have 
grown at a satisfactory rate, appear vigorous, and produce a few 
young at or near the usual age, may fail to maintain fertility to the 
age normal for the species. In all cases where the diet is below the 
optimum in character the signs of involution characteristic of old 
age appear earlier than in the well nourished. These several varia- 
tions from the normal in the usual fimctions of the adult animal serve 
as valuable criteria as to the state of nutrition and are more refined 
than the simple obser\'ation of the growth curve. 

McCollum and Davis " are even more emphatic, urging that in 
their experience even normal growth to the normal adult Rita and 
continued maintenance does not necessarily indicate perfect nutrition. 
Only when animals reproduce and nourish their young normally, and 
repeat this at normal intervals, can it be said that the ration is 
physiologically suflBcient. And again, " "Growth to the normal adult 
size at the usual rate and continued well -nourished appearance is 
not sufficient evidence that a ration is fully adequate. Only when 
normal reproduction and rearing of the young is repeated at normal 
intervals can a ration be said to be physiologically siifiicient." 

It follows therefore that only in those cases where the experiments 
have extended over a sufficient period of time to cover the life 
history of at least two generations can the evidence be regarded as 
entirely trustworthy. 

The necessity for long continued experiments before any adequate 
conclusions can be drawn has been frequently emphasized by various 
writers and repeatedly demonstrated by experiments in which ap- 
parently satisfactory growth over a considerable period of time had 
ultimately resulted in decline and complete fwlure. 

Hart, McCoUum, Steenbock, and Humphrey ** in their study of 

'I McCoUum. SimmondB and Parsons, J. Biol. Chem. 37, 150, 1919. 
— McCollum and Davis, J. Biol. Chcm. 20, 416. 
» Ibid. 21. 620. 

** Hart. McCollum. Steenbock and Homphrey, Un. Wis. Agrio. Exp. 
SU. Res. BuU. No. 17. 1911. 
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the physiological effccte on growth and reproduction of cows on 
raUoDS derived from a single plant carried on experiments over a 
period of three years, and conclude that unquestionably the physiolop- 
cal value of a ration is largely dependent upon its chemical constitu- 
ents, but the usual determinations made on feeding materials do not 
reveal the character or manner of combination of many of the constit- 
uents. Consequently, according to these investigators, the physio- 
logical value can be determined, in the present state of our knowledge, 
only by long continued observations of the reaction of the feed on 
the animal." 

Osborne and Mendel confirm this.** 

"The neocnity of lonft continued experiments calls for particular emphasis. 
Physiological alteratioos dependent upon the gradual depletion of a small store 
of essential tissue material may manifest themselves with extreme slowness; 
and the fact that a satisfactory nutritive balance can be maintained for a week 
or two or even a month in some cases is no guarantee of either the ultimate 
succeee of the dietary or of the impossibility of a decline owing to the in- 
appropriate exhibition of an essential ingredient — a deficiency in some es- 
sentia] ingredient may not make itself manifest for a long time, and even then 
be difficult to detect; for many other causes than defects in the food may lead 
to the decline or death of animals during experiments lasting over many months. 
It is only when the failure to be maintained is the invariable outcome of the 
prolonged feeding on a given diet that we are justified in aaiuming that the 
diet is in acme way inadequate, and then only when a prompt and complete 
recovery ensues when the diet is changed to one that is known to be in all 
respects sufficient. 

... If we had been content to discontinue the experiments after a reason- 
able period many of the declines evidently aasooiated with imperfections in 
the dietary and readily checked by a change in feeding would have escaped 
attention." 



A difficulty which is met with at the outset of all experimental 
work is the great variability in animals of the same species with 
regard to growth, impulse and vitality. This has been repeatedly 
emphasized by the variotis experimenters. Osborne and Mendel "* 
noted that when rats were kept on a diet of purified protein, lard, 
starch, and protein-free milk, growth ceased after sixty days in some 
cases while others continued to grow for a hundred days or more. 
They report the case of one rat among hundreds tested on inadequate 
lard diets, continuing to thrive for the exceptional period of 252 days 
before the inevitable failure ensued." 

" Osborne and Mendel. J. Biol. Chem. 13. 233, 1912-13. 
*« Osborne and Mendel, J. Biol. Chem. 15, 313, 1913. 
" Osborne and Mendel, J. Biol. Chem. 20, 383, 1916. 
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McCoIlum, Sunmoads and Parsons ** ctdl ftttatfion to the same 
point, ob^emng that when an animal in infancy is fed s diet wnwatifH 
fftctory in any respect it does the best it can under the circumstances. 
There ia a variable factor in the >ita!ity with which the indii-idual 
b bom^ which in some measure will determine its ability to utiliie 
food faulty in any respect. Only in this way can an explanation 
be provided for the great variation in the ability of several indiWduals 
b the MUM experiroeotal group to grow on the same diet. Since it 
ia DcA poanbte Ut dHermine the extent to which any individual pos- 
mmm Mltitrel vltfor, ao experiment should be conducted with se\*eral 
■ttlwell eo tlMM one or more will he of great vitality. The elimination 
o( (lie unfti h t^ Weedbg stock is important for this reason. 

VlWlf ftod MMAllOfB** eimilarly note: 

y:at^Li^£» 4»>W ff a^f<— that th*rc are wide variations depending on the 
§tlf ' Mf« twUvUhtMi r»U. Every rat taken individually ia not suitable 

for *i'm fjtm tit Wtiflt A« K iruitUrr of fact in one caae, 80 per cent of the 

»• MfCelten Utti DavU. J Biol. Chem. 20, Ml, 1915. 

** MaCellem, ibninondfl anrl Partont. J. Biol. Chcai. 37, 159. 1919. 

*" Funk aad M*Mll«m. J. Uiol. Cbcra. 77, 61. 1010. 
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rmta pnrchaaed from dealers were rejected on account of physical defects not 
apparent before the initiatioa of the expernneots. A second complication is 
a diminiobed reoistanoe to infection which follows the use of all artificud diets. 
The meager knowledge we possess of the pathological conditions in r&t« may 
lead to a condemnation of the diet; whereas actually the condition could be 
remedied without change of diet, if we wt;re able to recognize its nature. Ab an 
CMunide of this, rats on artificial diets frequently contract an eye infection 
which can be treated with a certain degree of success by an application oi a 
few drops of linc sulphate solution. If untreated this condition u accompanied 
1^ loss in weight, becomes acute, and terminates fatally. 

Funk recommends the use of rats specially bred for the purpose in the 
taborator>'. Ue'^ laments that the animab fumiribcd by dealers seemed to 
lack that power of resistance which would make them suitable for feeding 
experiments. This was manifested by a loss of hair on being placed in the 
metabolism cages, and early death before the experiments were well under 
way. This difficulty was promptly eliminated when rata bred in Funk's labora- 
tory under proper dietary conditions were substituted. The animals which 
were used for breeding purposes thrive best when kept on a diet of oats, 
bread, condensed milk, and yeast. The success of this diet was evidenced by the 
production of better mrinmla from the physical as well as from the experimental 
standpoint. 

In order to determine the degree of variability among young rats 
on a normal diet, Hopkins ^^ transferred fifty rats from the regular 
diet of the laboratorj-^ — dog biscuit and oats — to a diet of bread 
and milk, and noted the time required for them to double their weight. 
The change of diet was made in order to reproduce more exactly the 
conditions under which the usual laboratory experiment is carried 
on, a sudden change of diet at the beginning of the experiment being 
inevitable in these cases." 

Half the animals used were bucks, and half docs. The most striking result 
of the test was its demonstration of a much greater regularity in the variation 
of the bucks. The initial weights of the animals fed, while mostly near to 
the average of 50 grams, showed in oertain cases a eonj*idcrable departure from 
this (46 to 63 grams). Neverthelesa, the periods of weight doubling in the 
case of bucks departed comparatively little from the mean value. ... In the 
case of 19 rats out of 25, or 76 per cent, the completion of tlie weight-doubling 
period occurred within three consecutive days (thirteenth to the fifteenth). 
Two other rats may be grouped with these, one completing its period on the 
11th, and one on the 16th day. Of the remainder two doubled their weight on 
the 20th, one on the 2lBt, and one on the 26th day. Over 80 per cent there- 
fore showed periods near to and normally p^uped round the mean. 

»i Funk. J. Biol. Chem. 27, 1, 1916. 

" Hopkins, J. Physiol. 44. 430. 

" MacArthur and Luckett, J. Biol. Chem. 20, 164, point out that when- 
ever any food mixture was given to a mouse accustomed to an ordinary diet 
of com, dog biscuit, sunfiowcr seeds, carrots, and meat, there was a short period 
of slower growth, or even no growth, followed by nearly normal growth if the 
food mixture was complete. 
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On the other hand the does showed much greater irregularity. Eight axu- 
znals, or 33 per cent, grew at about the same rate ae the bucks; completing their 
weight doubling between the 13th and the 16th days; 6, or 24 per cent, 
completed it round about the 20th day; another five required about 30 daya;. 
and the remaining four grew still more slowly; one animal, though showing^ 
no signs of ill health, had not doubled ite weight by the fiGth day. 

A longer comparison further brought out the relative sIownesB in the growth 
of the females. Thu^ on the 52Dd day of the experiment the mean weight of 
the bucks was theu- mean initial weight multiplied by 3.5S. In the case of the 
does the corresponding factor was 2j63. 

Even where the most careful procedure is followed it is necessary 
to guard carefully against erroneous conclusions drawn from mislead- 
ing evidence. Speaking from wide experience Davis ** considers many 
confusing factors to exist in spite of the progress that has been made. 
Clear-cut results are the exception rather than the rule. An animal 
may be abnormal and recover without change in the ration, or it 
may be subnormal and not recover when taken off the experiment. 
Frequently the individual variations within a group arc greater than 
the variations between groups. Some of these individual abnormali- 
ties are due to simple causes. It sometimes occurs that a rat will 
continually lose weight on a diet supposedly liberal in all respects. 
Such animals are not infrequently found to be suffering from pul- 
monary infections, hair balls in the stomach, tumor, etc., the dis- 
covery of which explains the tmexpected results." *' If howev'cr the 
complicating factor should happen to remain unknown very inaccurate 
conclusions as to the diet might be drawn. 



I 



Much depends on the condition of the animal at the beginning of 
the test. It is fairly generally accepted that the animal, especially 
at nmturity, has some power of storing up a sufficient amount of the 
essential factors to tide over a certain period of deprivation, the 
length of this period depending on the natural vitalitj' of the ani- 
mal, Osborne and Mendel call attention to the possible importance 
of this factor from the records of the long periods of starvation — 
over 117 days in the case of the dog — which have been stirvived 
successfully. 

In another connection, Wheeler " reports that animals have a 
Burprifiing power of getting along for a time on a qualitatively in- 
adequate diet. Mice kept upon a ration in which two-thirda of the 
protein was gelatin and the other third casein, did not show a decline 



" D«vii. J. Home Econ. 12, 207, 1020. 

" Oiborne and Mendel. J. Biol. Chem. 22. 247. 1916. 

** WbaeUr, Exper. Zool. 15. 210, 1913. 
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in body weight for 21 days, although the ultimate decline of tmrj 
animal fed upon this food showed it to be insufficient; another groiqi 
made material gains in weight for 17 days on a diet upon which all 
ultimately lost wei^t rapidly and died imless the food was changed. 
Similar obsen-'ations have been made by other investigators. 

Moreover, the minimum requirement of vitamins may vary from 
time to time. Drummond " believes that the requirements of the 
growing rat for A become less as the animal approaches maturity 
and that the amount of tliis factor necessar>' to induce normal gro^^th 
in a rat which has ceased growing on a vitamin-poor diet is inversely 
proportional to the weight of the animal. 

Besides the individual variability already referred to, Osborne and 
Mendel '* report a peculiar seasonal variation which affecta their 
rats. During the late simimer and fall over a period of three years, 
young rats on protein- free milk diets almost invariably fail to grow, 
while at other seasons on the same diet they make normal growth 
for about three months. " The failure to make early growth is ac- 
companied by diarrhoea, diminished appetite, and, after three or four 
weeks, by inflamed eyes which soon develop into a purulent state." 

Dietary factors other than the particular one under observation may 
be ill adjusted. The necessity for recognition and rigorous adjust- 
ment of all factors in the diet is strongly emphasized by McCoUum " 
and by Osborne and Mendel.*" Only when we are assured that every 
factor but one is at its optimum can we successfully trace nutritional 
success or failure to its source, still less obtain a quantitative measure 
of the influence of the factor in question. The importance of the pro- 
tein and mineral constituents apart from the vitamin content is re- 
ferred to in a later chapter," but these must also be considered in 
relation to vitamins. 

According to Funk " less vitamin is required on a high protein 
diet and more when the carbohydrate content of the ration is large. 

" Drummond, Bioch. J. 13. 95; 14, 661, 1920. 

" Osborne and Mendel, J. Biol. Chcm. 17, 401, 1014. 

>B McCollum, Simmonds and Pitz. J. Biol. Chem. 25, 111; McCoUtim and 
Simmonds, Ibid. 32, 181; McCollum, Simmonds and Parsons, Ibid. 37, 159. 

*° Osborne and Mendel, Ibid, 37. 159. Sec also Steenbock and Gross, 
Ibid, 40. 507. 1019. 

«i See Chap. III. 

« Funk, Z. Phj-siol. 1914. 89, 378; Funk, Lyle and McCaskcy. J. Biol. 
Chem. 27, 173, 1916; Funk and Dubin, Sci. 52, 447. 1920; Braddon and Cooper. 
Brit. Med. J. 1914, 1909; J. Hyg. 14, 351, 1914; Theiler, Green and Viljoen, 
3rd and 4th Rep. of Director of Vit. Res. Union of So. Africa, 1916, 0-68. 
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Davis,** bcbera tbai mnj of tbem may be tooie to eertaim waim 
if fed in piftkiwii aioanta for a wiflirifwt time. The tonatj of eot- ' 
iooaeed is weD atteated and toxic effecta of the wboie vfaeat grain 
bare beco reported several tines** ahhnngh Osbocac and Meadd > 
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lorn btit esMntial in proper ooDcentratioa mAy be distinctly tazic in 
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Pits'' in another conDcctioD. 
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■atMy aieap* notice, yet if in another rataoa exactly like it, except that 
a Mcond factor tcnda to injure the animal, nuthtire failure may result. In 
■uch a CUB MM the latter, improvement of the protein factor by the addition 
of more protein or by the mibirtjtutioa of a better protein, the plane of protein 
inlaJu remaining unchanged, tbe animal may make the maximum performance 
notwithetaodjns the unfavorable character of the injurioua factor of tbe ration." 

Ofborne and Mendel " point out that the problem of dosage for 
vitamins may be quite different in the cnee of rats which are supplied 
with a minimum of the essentials throughout the period of growth 
and those which Imve declined through complete deprivation of some 
roquiflitc food factor** 

<■ Hart, Miller and McCollum. J. Biol. Cbem. 25, 241, 1916. 

'• Davii, J. Homo h'.c. 12, 2(>7. 1020. 

«* Withers and Ray, J. Biol, Chem. li, 63, 1913; Withers and Brewster, 
Ibid. Ifi, Ifll, 1013; Crawford, J. Phurm. Exp. Thcrap. I9t0, i. 519; Richardson 
and Oreen, J. Biol. Chom. 30, 249; Hart and McCollum, J. Biol. Chem. 19, 
873, 1014; McCollum. Slmmonds Hnd Pitz, Ibid. 25, 105. 1916; Hart. Miller, 
and McCollum, Ibtd. '2ft, 2.10, 1016; Hart, McCollum, Steenbock and 
Humphrey. Proc. Nnt. Acad. He. 3. 374, 1917; J. Agric. Res. 10, 175. 1917; 
Hart. Steenbock, uml Homphrey, Univ. Wis. Asric. Exp. Sta. Bull, 287, 1018. 

** Osborne nnd Mendel, J. Biol. 37, 505, 1919. 

«T McCollum. Simmonds, and Pits, J. Biol. Clicm. 25, 111. 1910. 

•• Osborne and Mendel, J. Biol. Chem. 41, 452. 553. 1920. 
Osborne and Mcndal. J. Biol. Cbem. 41, 452, 1020. 
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There are two feeding methods of testing products for the presence 
'of water-soluble vitamin. One consists in feeding the material to 
be investigated to animals that have decUned on a diet deficient in 
tliis food factor. Such tests, however, will not demonstrate the com- 
parative vitamin content of different foods. They are essentially 
restorative in character. If the outcome is positive in the sense of 
a renewal of nutritive well-being, the test for the vitamin may be 
qualitatively successful. However, animals which have suffered a 
vitamin deficiency may be so badly malnourished or underfed that 
relatively excessive amounts of the vitamin-bearing food may be re- 
quired to restore them to normal condition. In that event a failure 
to promote nutrition by the extract to be tested may be ascribed to 
the condition of the animal rather than the product. Comparisons of 
vitamin- bcfiring foods may not be reliable when they involve attempts 
to restore nutrition in animals that have suffered to a variable degree 
[from unlike deficiencies. 

The other method consists in feeding the supposed source of vita- 
min to animals wliich are normal in health and development, and 
observing whether the product offered supplies what is needed to pro- 
mote normal growth when the diet affords an adequate supply of alt 
essentials except that to be investigated. 

The first of these methods is the one which has been chiefly resorted 

to in testing for vitamin A in plant and animal products, and also very 

commonly in the study of antineuritic B. In much of the more recent 

I work on both B and C, however, both methods have been used and 

the results given for comparison. 

Sherman, LaMer and Campbell ^° suggest the following procedure 
for the quantitative determination of the antiscorbutic vitamin. 
Guinea pigs are fed a basal diet consisting of 59 per cent oats, 30 per 
cent skim milk powder heated two hours at 110° C, 10 per cent 
butter-fat, 1 per cent NaCl. The minimiim protective dose of anti- 
scorbutic is determined, and in addition the degree of scurvy pro- 
duced, as measured by the autopsy findings, retardation in growth, 
and symptoms in life, of a series of animals receiving graduated sub- 
protective doses of antiscorbutic food. When the dosage is calculated 
per unit of body weight it is possible to distinguish the degrees of 
scurvy produced for addenda of antiscorbutics differing by 15 per 
cent or less. The percentage destruction due to a deleterious proceas 
is obtained by comparison of the degree of scurvy produced in a series 
of standard animals fed a similarly graduated series of doses of the 

H treated product. The probable error of the mean in a series of five 

^1 or more animals is less than 4 per cent. 

^^ ^ Sherman, I«aMer and Campbell, Soienoe. Aug. 26, 1921, 176. 
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The accurate evaluation of much of the earlier research is difficult 
on account of the lack of data as to the actual food intake. With 
reference to this, Osbome and Mendel *^ saj': 

If DO account of the food eaten is taken the outcome of the experimcnta 
may be wholly mialcading. Some preliminary experiments appeared at first 
Bight to indicate a marked superiority of barley proteins compared with those 
of wheat or rice; but when gains of weight per gram of protein eaten were 
calculated this suporiority entirely disappeared. It is thus plain that experi- 
ments which have hitherto purported to show the relative nutritive value of 
different food products in respect to any one of their constituents have no 
comparative value unless the amount eaten is knou-n. 

Chick and Hume °' criticize most of the research on vitamins on 
the ground that the consideration of quantity has been overlooked to 
a large extent in the experimental methods adopted, and that the 
conclusions drawn have been correspondingly untrustwortliy. 

In comparing the value of a scries of foodstuffs as regards their 
value in content of some acccHsory food factors, the first step neces- 
sary, according to Chick and Hume, is to determine in each case the 
minimum daily dose which will maintain health in the experimental 
animal and to institute comparison between these amounts. These 
daily doses should be as large as can be tolerated before it is safe 
to deny to a foodstuff any value in respect of the particular accessory 
factor under consideration. Neglect of this simple and fundamental, 
but admittedly tedious procedure is evident in much published work 
upon the influence of various treatment upon the antineuritic and 
antiscorbutic and other properties of certain foodstuffs, and the results 
obtained are in consequence vague, and may even be erroneous. For 
example, if a foodstuff is rich in any particular accessory factor and 
is fed to an animal in large excess of the amount actually required, 
any destruction of the factor that may take place during heating can- 
not be assessed and may even remain undetected if the heated material 
is fed in similar large amount. It is held necessary to determine the 
minimum required in both cases, and to institute a comparison be- 
tween these two results before any satisfactory conclusion on this 
point can be drawn. 

The methods used by Osbome and Mendel and by Hopkins for 
determining the food intake have already received mention in this 
volume. Where possible, it seems distinctly advantageous to feed 
the material to the tested separately from the basal ration, so that this 

01 Osborne and Mendel, J. Biol. Chem. 34, 623, 1918. See also Stcenbock;^, 
Boutwell and Kent, Ibid. 25, 518, 1918. 

" Chick and Hume, J. Biol. Chem. 39, 303, 1919. 
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can be estimated separately and no error may be introduced should 
the animal fail to consume the whole ration. 

It is evident from the foregoing that the problems of \itaimn re- 
search are far from simple, and that the correct interpretation of 
the results requires an extensive knowledge of all the detail of the 
experiment. It is extremely difficult, as Davis " has pointed out, 
to secure uniform results in one laboratory, much more so to evaluate 
and correlate the results from a hundred different laboratories in all 
parts of the world. 

In an attempt to develop a simple standard test for at least one 
vitamin, B, R. J.Williams and Bachmann have both made use of 
the fact that certain yeasts fail to grow satisfactorily in vitamin-free 
media, whereas on the addition of vitamin, growth takes place at a 
rate which is at least roughly proportioned to the amoimt of the vita- 
min present. 

Bachmann °* noted that Saccharomycetes grow better and ferment 
more readily in a medium containing small amounts of organic 
material but vary in their needs for traces of organic matter other 
than sugar. Some will grow in a solution of inorganic salts and sugar 
even when introduced in small amounts, as observed by Pasteur. A 
certain yeast isolated from fermenting canned pears was found not 
to grow in or ferment Nageli's solution unless introduced in very large 
amounts or some organic substance was added. The substances which 
cause fermentation are those which have been found to be rich in 
vitamins (especially water-soluble B), such as yeast extract, vegetable 
juices, milk, and cabbage extract, apparently containing the most effi- 
cient vitamins for yeast. 

It is suggested that in a heavy inoculation Bome of the cells are 
dead, or that because the medium is unfavorable some may die, and 
that from these dead cells soluble substances that are stimulating to 
growth and fermentation of other cells diffuse out into the medium. 

The liquid medium used for testing vitamin requirements of yeast 
was Nageli's solution, composed of 100 cc. distilled water, 10 g. 
dextrose, 1 g. ammonium nitrate, 0.05 g. calcium phosphate, 0.5 g. 
potassium acid phosphate, and 0.25 g. magnesium sulphate. 

None of the salts were especially purified by recrystallization. Dur- 
ham tubes were usually used to show gas production and the amount 
of gas produced, approximately 8 cc. of the medium being placed in 
these tubes. 

" Davis. J. Home Ec. 12, 206. 

** Bachman. J. Biol. Chem. 39, 235-57, 1919. 
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€h' tvo struns of reast exanuned, ooe, an aerobic type, was able to 
cau^ feriDestAtioc in a medium containing little or no vitamins, while 
the iMher. which <ioe$ not produce a surface film and is tberefo^ 
anaeit»hic, will zkm lennent except in the presence of vitamins. 

AVUlianui use^i an entirely different technique, but came to the same 
^neral Lvntrl'u^on5 as to the importance of vitamins in the life- 
luxve^tM^ of the ye:i$t cell. His method consisted in making a hang- 
ii\$ dn^p culture of a single cell, and noting the rate of multiplication. 
A ^ngle yedst cell can be caused to produce from one to several 
thousand cells in ^4 hours by varying the vitamin content, and it 
WHa found that the number of cells produced under given conditions 
iu IS houw is direvtly pr\»poitional to the amount of vitamin added. 
lu:iMuuch a;ii ;i»«*vcral investigators ha\*e used this method or a modifi- 
cntion of it, the experimental details are given, althou^ '^lliams 
hintM^lf h:is now su^vrwUed it by a gravimetric method which he 
iiNHciln lo U» wore accurate and more easily applied. 

'V\w uu>tiutn ujkyl >K'as made up of purified reagents as follows: 
N»ochuittM\ IM I'm.: .Huuuonium sulphate, 3 gm.; potassium dihydrogen 
plioHph.'ite, *J liui.; sisp^iragine, 3 gm.; calcium chloride, 0.25 gm.; 
luniiiu'Niuiu tiulphate iV2h giu., all made up to 1 liter with distilled 
wnivv riio uu\lia w as steriliit\i at 10 pounds pressure for 10 minutes 
ami Urpt in tho n'iritsi'rator. 

A niiM^H'UHion of yeast cells was made in about 30 cc. of sterile dis- 
iillpil wutrr. l>upUi':ttc test si^lutions were prepared quantitatively 
by (iikihK "Jft IV. of the synthetic uuslia and 1 to 5 cc. (depending upon 
tlin roiuHilrutions) of a detinitc s^^lutioa of the unknown extract. 
'I'liiH wim ililutiMt \o :W cc. uii'ins sterile water if needed). The mix- 
tun* wuH Hl(>rilir.cd nnd I cc. of the yeast suspension added. After 
inixiiiK, Hiirty Mix ilro|w were made with a fine pen point on a 
reiver nlip flml. Iitvd Uvu coiUed with a very thin fihn of purified 
vuHi'linc. 'riiiH nlip whs invcrttnl and sealeii tightly on a hanging drop 
slide. JOiu'h dnip whk rNamiiied for single yeast cells, the observations 
were reronlcd, and tlie time was m»ted. The slide was then placed 
m the incul>ftU»r at ao* t^ ami the readings were made again in 18 
hours. In chho the numbor of cells in each drop at the end of this 
period exceeded 75, the dctonnination was repeated using less of the 
unknown. Similar tcHts were run on the synthetic media as a control. 
After correcUng for this blank determination, the rate of growth in 
terms of yeast cells was calculated per gram of the original unknown 
"mterml This method was used satisfactorily by Emmett and 
■tockholm" but Whipple found it unsatisfactory." 

M SJ!"*? *!^ fltockholm, J. BioL Chem. 43. 287. 1920. 
■• Whlpplt, J. Bid. Ciham. 44, 176, 1920. 
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If DO vituxuii ifl added to the solution, the yeast produced vnW be 
about 2 A sag. The flmoimt of growth above that of the blank is, 
vituin limita, directly proportional to the amount of Titamin pot into 
the solution. The results may be ex proa s o d numeiically and the 
fttBDbor represents the relative purity of the preparation tested or 
ths value of the matmal tested aa a source of this vitanun. Tlie 
"vitamin number" of a materiftl may be defined as the number of 
milligrams of yeast produced by the addition of its extract, minus that 
produced in a control solution, under given conditions and within cer- 
tain limits, computed to 1 gm. of the original material tested. 

Of this procedure Williams observes that the vitamin to be tested 

must be in solution. No method of extraction is outlined. According 

to Williams nothing except vitamin (especially in small amounts) is 

able to produce more rapid growth, hence the vitamin does not need 

to be prepared especially free from other materials, as impurities in 

all probability will have no accelerating effect. The total amount of 

material added ordinarily will be much less than 0.1 gm. In using this 

method for vitamin determinations, precautions must be taken that 

the vitamin is extracted quantitatively from the material in qfuestion. 

Investigators have found that this is difficult to do, especially from 

■ome materials. In the handling of the extracts care must be taken 

that tone substances are not introduced or formed which will ooonter- 

a<i the effect of the vitamin which may be present. This is true 

ftlao of animal feeding experiments where poisonous substances mu^ 

be avoided. Treatment of material with acid especially at bigb tem- 

or owheating in the dry condition frequently prodoees 

toxfie to yeast, while treatment with alkali may dertror 

<fc» n^Umim, la aonw extracts the vitanun is destroyed to aa ap- 

fndMu mtl4ai U kept at the boiling temperature an hour or more. 

Aa wAxAymU M ywuit k not a desirable material as a yeast nutriaoi 

as iahibitiif mim^Mvm tppMr to be present. If the amount of ptnrth 

IV'O^^M^ ^ Avt fwoynrtiooal to the material added, but falls off with 

^ ^•^P* ^ m/ Mf f % ii faod evidence that something toxic is preseBi, 

which hsnnrn M Mm ppCMi to the higher concentration and eomtar^ 

mU th« <fl«ot o< ikm Imtmm to vtt«lDto. ThU can be eonfinaed by 

nucroioopic eMundMttai of tiM y«Mt produced, which revetJs anB 

granular irregular ««• m oUmt ftboormaUUes. It is mainly d» to 

the poaeible pruMmoi t4 U^ mb^Micm that two dUutioM 

beusodforud«U»rmio4Wl, II twk WbaUneea ftre praent tte i 

from the lowar cuiu»aMi«Mi ^ f^nn reliable. 

A compunsou of ilm yJUnte MMiUat of various foodstuffs as *- 
temuned by WillUm with y«««t Mid l;y Osborne and Mendd ^mSk 
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rata gave for the most part fairly concordant results." Where dia- 
crepancies existed there are some indications that vitamin C might 
be acting as a second factor in stimulating yeast growth. The yeast 
test indicates a higher vitamin content in bakers' yeast than in 
brewers' yeast, whereas the animal tests indicate the reverse. Yeast 
extracts appear, however, to exert a specific influence on different 
varieties of yeast, since extract of brewers' yeast was foimd to be a 
better stimulant for the growth of brewers' yeast than bakers' yeast 
extract, while the latter had more influence on the growth of bakers* 
yeast. 

Eddy and Stevenson ^ experimented with both the Bachmann and 
tlie first Williams methods of quantitutive study of vitamin content, 
and finally de\i8ed a modification of both which they report as 
satisfactory. 

A pair of capillary pipettes is made and calibrated to hold one unit, 
the unit being arbitrarily chosen, in this case a drop of mercury weigh- 
ing 0.0108 g. After sterilization these tubes are ready for use. A 
pure culture of Fleischmann yeast is maintained on an agar slant, 
a transplant being made to fresh agar 48 hours before beginning the 
test. At the end of 48 hours as small a portion as can be taken up on 
the tip of a needle is transferred to 10 cc. of sterile Nageli solution 
(100 c. distilled water, 10 g. dextrose, 1 g. ammoniimi nitrate, 0.05 
g. potassium acid phosphate, 0.25 g. magnesium sulphate) and the tube 
then shaken for two or three hours in a mechanical shaker. This 
process does not give absolutely uniform suspensions and occasional 
clumps are found, but these can be removed for the most part by 
Blow centrifuging and the method has been found satisfactory for 
results if controlled by a sufficient number of tests. The imiformity 
of the suspension is tested before use by drawing up with the pipette 
6-10 units of the suspension and blowing them out on a glass slide 
where they are fixed, stained, and the cells counted. 

When a fairly uniform suspension is obtained one unit of yeast 
solution is drawn up into the pipette and one unit of sterile vitamin 
solution. These are mixed by manipulating the bulb, the pipette is 
sealed at both ends, and the sealed tube incubated for a suitable in- 
terval of time, usually 20 hours at 35' C. At the end of the time tlie 
tips are broken at each end of the pipette, a bulb is placed on the large 
end, and the contents are blown out on a slide, fixed and stained. 
For a counting slide, Eddy and Stevenson use an ordinary micro- 



" Williams, J. Biol. Chem. 46, 113, 1921. 

S9 E<idy and Steveiuon, J. Biol. Chem. 43, 205. 1920. 
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scope slide on which 5mm. squarea are etched. The size holds the 
contents of a pipette, permits ease of operation when counting with 
the mechanical stage, and allows the content of tea to twelve pipettes 
to be placed on one slide. For control, another series of pipettes is 
prepared and filled by drawing up a unit of the yeast suspension 
without the unit of vitamin. These are incubated and counted in the 
same manner. 

The method was tested with small quantities of Funk's antineuritic 
vitamin as prepared by him, and the results seemed to strengthen 
the conviction that this is the responsive causative agent in stimu- 
lating the growth of the yeast cells. 

Experiments with orange juice showed that tlie cause of the stimu- 
lus is nearly quantitatively removed from orange juice and from navy 
bean extract by shaking these extracts with Lloyd's reagent. Since 
Seidell has show*n that this reagent removes the curative factor for 
polyneuritis these results would seem to add to the other evidence that 
the test is specific for the B vitamine. 

Tests with guinea pigs showed that the treatment with Lloyd's 
regeant did not remove C, in confirmation of the results of Harden 
and Zilva,** therefore it is assumed that the C is not responsible in 
any way for the yeast stimulation. 

In estimating the vitamin content of foodstuffs by this method, the 
probable range of variation in the suspension used was first determined 
then five to ten tests were made on the substance under examinationi 
and from these all zero readings were eliminated and the rest averaged. 
In doubtful cases this was repeated as often as necessary. 

Punk and Dubin *' have devised a simplified yeast test which they 
believe is valuable for determining the approximate vitamin activity 
of a given food substance, although the presence of inhibiting sub- 
stances may interfere with the reaction to such an extent that the 
method cannot be used for comparison of the vitamin content of 
different substances. They prepare yeast suspension by shaking 
a loopful of a forty-eight hours* pure culture of yeast in 100 cc. of 
Nageli solution on a shaking machine for three hours. Measured 
quantities of this suspension are then incubated for twenty hours at 
30* in the presence of the unknown vitamin solution, control tubea 
with a vitamin solution of measured strength being employed. After 
incubation, the fermentation is stopped by heating the contents of the 
tubes at 75* for a few minutes, and the amount of yeast is estimated 
by centrifugalizing in a specially calibrated tube. Using autolyzed 

"0 Harden and Zilva, Biocb. J. xii, 93, 1918. 

« Funk and Dubin, J. Biol. Chem. 44, 487, 1920. 
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yeast aa a standard they plotted a curve by means of which the vita- 
min content of an unknown substance can be expressed in terms of 
the standard. The method is said to be sensitive to 0.0001 cc. of 
autolyzed yeast, but the test is best arranged so that tlie amoimta 
of unknown substance used correspond to 0.05 cc. of autolyzed yeast. 

Sousa and McCoUuin" also btroduced certain modifications of 
Williams* early procedure, but their study led them to conclude that 
the method was of little value to a test for the presence of the anti- 
neuritic factor. Instead of a pen for distributing the drops, they 
used a statuujier syringe needle having an opening at right angles to 
ite axis, the needle being attached to a piece of glass tubing by a 
short piece of rubber tubing. It was found that a fairly uniform dis- 
tribution of cells could be obtained in this manner. 

In order to avoid the difficulty caused by lack of uniformity in 
development of yeast cells a Levy blood-counting chamber was used 
instead of the cover slips used by Williams. Comparison of the two 
methods showed that a more even and reliable result can be obtained 
by the use of this procedure. They tested the growth-stimulating 
effect of aqueous extract of wheat germ made by boiling the germ with 
water. The resuUe showed clearly that there is a stimulating effect 
of the extracts on the rate of multiplication of yeast and that ia 
general the greater the amount of extract added the more pronounced 
the acceleration. Similar results were obtained with the use of al- 
coholic extract of wheat germ. 

A set of experiments was made with wheat germ extract treated 
with 2-4 per cent of sodium bicarbonate and autoclaved, in order to 
destroy as much as possible of the antineuritic substance. Addition 
of these extracts exerted a profoimd stimulating effect on the growth 
of yeast, but the extent of acceleration of growth was not propor- 
tional to the amount of extract added. This germ was used in a 
feeding experiment with rats to show whether it still contained any 
appreciable amount of B. The ration consisted of casein (18%), 
treated wheat germ (15%), butter-fat (5%), salt mixture (3.7%), 
and dextrin (58.5%). Tlie animals failed to grow. In a subsequent 
period rapid growth took place when 3 per cent of untreated germ 
was included in the diet. All the antineuritic substance had been 
practically destroyed by heating with alkali. 

In another set of experiments the effect of glucose, with and with- 
out wheat germ extracts, was studied. The results were not always 
consistent, but it was evident that glucose had a profound stimulating 
effect. In one case greater growth was secured by adding to 10 cc. 
" Soasa and McCollum, J. Biol. Chem. 44, 113, 1920. 
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of the ooDtrol sohstioa 1 ec. of 10 per cent ^qoom ■'^'«'^^*** ti»a yna 
otAuacd by addiftm of 04 ce^ of 75 per «Bt akoMH ertnct off vfant 
genn witboQi additioiMl g^oeooe. No mo^ficalioBS wUdi were nizo- 
duced were sooeeafitl in mdncrng rv^'n^*^ nmdbL It aeoBS »- 
p OM ible to avoid irregulanties doe to the introdnetm of injtired cells 
or oelb of low repro do etion power into the test i p erimpr i ft . 

In a act of experiments various ertmctB so treated (with beat Toder 
pfceaure in presence of sodium bicarixmate) that they were no knger 
capable of producing growth in rats were found to be still very effec- 
tive in stimnlatag growth of yeast. Among these were extrsicts of 
fresh beef made by boiling the latter with water after it had been 
treated with 2 per cent sodium bicarbociate, mcnsteoed and allowed 
to atnod for three hours, then autoclaved for one hour at 15 lbs. 
p t e s BUie . Extract of rolled oats eimilaiiy treated was also 
The oats so treated were fed to young rate in a diet of roOed oatfl^"^ 
gelatin, casein, salt, butter-fat and carbonate of lime. The animalB 
failed to grow. After 41 dsys 3 per cent of untreated wheat germ 
was added to the diet to fiunish the antineuritic substance. The ani- 
mals Tvepooded at once with rapid growth. 40 per cent of imtreated 
oate furnished an abundance of antineuritic fi, for growth. The treat- 
ment with alkali had, therefore, destroyed its content of this substance 
while leaWng the yeast growth-stimulating power apparently unim- 
paired. Similar results were obtained with extracts of meat which 
had been digested either with alkali or acid. Sousa and McCollum 
state that so far as their knowledge permits them to judge these 
digested meat extracts could serve only as a source of amino acids 
rince the treatment was suflScient to reduce the proteins practically 
to the amino acid state, and, since muscle tissue is, even in the fresh 
condition very poor in the antineuritic, B, factor, the same meat after 
hydrolysis with strong sulphuric acid would scarcely contain a trace 
of it. Yet these meat extracts exerted a strong influence on the rate 
of development of yeast, approximately doubling the nimiber of cells 
counted after 20 hours incubation. 

If, then, glucose and amino acids can exert such stimulation on the 
growth of yeaet it would seem to be conclusively demonstrated that 
the use of yeast as a test organism for determining the presence or 
absence of the antLneuri||c dietary factor is complicated by so many 
disturbing factors as to make it of little if any value. 

Confirmfttx)ry evidence has been obtained by Eddy, Heft, Steven- 
son and Johnson •' that the yeast test is not a quantitative measure 

•* Eddy, Heft, Stevenson and Johnson. J. Biol. Chem. 47, 249, 1921; J. S. 
C. I, 1«1, 713 A. 
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of the content of vitamin B. The presence of B, however, possibly ia 
one of the factors causing the stimulation of the growth of yeast by 
vegetable extracts. 

Moreover, evidence has been accumulated which appears to demon- 
strate conclusively that yeast can synthesize the vitamin B which it 
requires. Fulmer, Nelson and Sherwood *■* found that yeast would 
grow for months in a vitamin-free medium, at two-thirds the rate 
manifested in wort. Alcoholic extract of alfalfa stimulated growth, 
but heating the extract with alkali did not destroy this effect, and 
alcoholic extracted malt gave results like imtreated malt. The 
growth was markedly influenced by the concentration of the ammo- 
nium salt used as nutrient, and by the presence of colloidal sub- 
stances. They concluded that it is imwarrantable to state that any 
one substance is indispensable until the best synthetic mediiun for 
yeast has been developed. A study of the effect of alcoholic extracts 
of wheat embryo and lucerne led them to the belief that the growth- 
stimulant present in these extracts was not identical with vitamin 

MacDonald and McCollum" grew yeast in nutrient solutions free 
from vitamin, and found that a pure culture grew as well at the end 
of a series of 15 consecutive seedings in this solution as it did earlier, 
and concluded that the yeast plant must either be able to grow with- 
out vitamin or else to synthesize this factor in suHicient quantity for 
its own use. The latter assumption finds confirmation in the work 
of Nelson, Fulmer and Cessna, " who made 180 consecutive seed- 
ings of yeast by adding 1 c. c. to 50 c. c. of a solution containing only 
carefully purified salts and sucrose. The concentration of the original 
constituents in the final solution was only 1 X 50-"", yet it con- 
tained enough vitamin B to restore rate, fed on a vitamin-poor diet, 
to normal growth. 

It seems highly probable that the growth-stimulant of the American 
investigators is identical with the " bios " of Wildiers, Amand and 
Devloo,** but it is as yet impossible to say whether this is the same 
as vitamin B or distinct from it. Frankel and Schwarz ** en- 
deavored to isolate the accelerating substance from rice and yeast 
sediment, but the attempt was unsuccessful. 

M Fulmer, Nelson and Sherwood, J. AnW^em. Soc. 43, 186; 191, 1921. 

•« See also Kmmett and Stockholm. J. Mfi. Chem. 43, 287, 1920. 

«« MacDonald nad McColIum, J. Bio). CHom. 45, 307; 4fi. 525, 1921. 

«' Nelson, Fulmer and Cessna. J. Biol. Chem. 46, 77, 1921. 

« Wildiers. La Cellule, 18, 313, 1901; Amand, 76. ai, 329, 19M; Devloo, 
Th, as, 361, 1906; Idc, Centr. Bakt. Abt. 2, 1907; x8, 193; J. Biol. Chem. 46, 521. 
1921. '» Frankel and Schwarx, Bioch. Z. zia, 203, 1920. 
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In this connection the experimente of Schweizcr "* arc interesting. 
The action of various fractions of autolysed yeast upon living yeast 
suHpended in pure sucrose solution was measured by the amount of 
carbon dioxide evolved. The fractions used in the first series of ex- 
periments were the alcohol-soluble and alcohol-insoluble portions, and 
in the second series the cell walls and the cell contents. In both series 
the separate action of the fractions was small compared with that of 
autolysed yeast itself. In each case the two fractions when reunited 
appeared to have the same effect as the original yeast. 

Emmett ^^ calls attention to the variation in methods employed by 
different observers in the study of vitamins and recommends that 
standardized methods be adopted; his suggestions are: 

h There ahoutd be a strict uuiformily in the basal diets. Thus, in the case 
of the growing rat, we should agree upon a basal diet that is complete for nor- 
mal grofflh and reproduction; upon one deficient only in the water-soluble B 
vitamin, and upon one deficient only in the fatr«oluble vitatnin or viUimins. 
And in the case of the guinea pig, we should have a complete basal diet and 
one deficient in Uie water-soluble C. In these diets, it should be understood 
that the percentage of protein, carbohydrate, fat and mineral salts, and Uie kind 
and quality of these nutrients should be the same throughout, for the particular 
purpose intended. That is, all laboratories should use exactly the same basal 
diets. It would then be possible always to employ these rations for the normal ^ 
and pathological control groups and then to compare with these control findings, 
the results obtained from any other combination of nutrients that seemed desir- 
able in connection with a particular phase of a vitamin project that one might 
have under way. That is, if the control data obtained from these baaai dieta 
were always reported along with the experimental results, it would be easier to 
interpret and compare the conclusions from different workers. 

2. In the preparation of these baaal diets, definite methods should be out- 
lined, with respect to detailing just how to purify the various constituents used , 
— the protcim, carbohydrates, fats, and mineral salttf. Besides, exact method* 
should be given for preparing the vitamin extracts that are to be incorporated. • 
Then again, it should be stated clearly how and in what order these ingredients 
are to be combined; for unless tins is done the texture of Uie ration will often 
vary considerably, and thereby an unintentional error will be introduced which 
might affect the food consumption, and this in turn might influence the trend of 
the weight cur\-ea, etc. 

3. It is equally important that there be some definite statements made with 
reqwct to the experimental animals. In the case of rats and guinea pigs, the 
age, weiglit, sex, and exact physical conditions should be carefully obser\*ed and 
stated. It is known, for example, that, for the best companions, the animals 
should be of about the same age and weight at the start, and that younger rats 
arc preferable to older on£s. In Emmett's work where he used some 2,000 
pigeons, he found that it was necessary to consider breed, previous feeding, age, 

TO Schwelzer, Bull. Assoc. Chim. 8ucr. 38, 304, 1921; J. 8. C. I. July 30, 1021, 
624A. 

" J. Ind. Eng. Chem. 1921. 1104. 
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body conditions, weight, season of the year, etc., in order to obtain the best r&- 
suite in testing for the antineuhtic vitamin. Also, in the case of handling and 
taking care of the animals, it is essential to bear in mind that one should avoid 
exposing them to sudden changes in temperature and to undue excitement, and 
to too much handling. Systematic attention should be given to cleaning and 
disinfecting the cages, bedding, food cups, and water receptacles. Vermin or 
lice should be scrupulously excluded. Special care should be given an aninaal 
when it becomes appreciably affected by the deficiency disease, and so on. In 
fact, it is only after considerable expenence that one can always be sure the 
effect of the experimental diet is a bigger factor than some of the other variables 
that may have been introduced. 

4. It is very important to state whether the aaimals are to be force-fed or 
not; whether the food in-take is to be accurately recorded or not; whether the 
rations are to be made frequently or in large enough quantity to last for a con- 
siderable lime; whether the consistency of the food or ration is appreciably al- 
tered when the changes in the diet are made, and, if vitamin extracts arc to be 
used, whether the animals are to be treated during thq test period, or fed at this 
juncture a mixture of the basal diet and the extract. 

5. In the feeding, the question arises whether the rations should be tested 
from the standpoint of a prophylactic or a corrective. That is, should the test 
be one of preventing the usual decline in weight, etc., that comes about from the 
absence of the particular vitamin, or should it be one endeavoring to bring about 
a normal response after the animal has been affected? In many ways, it is often 
preferable to follow the latter method. 

6. It is ver>' important that the tests should be run long enough to be conclu- 
sive. Elmmett reports instances in the case of the rat, where the pathological 
animals did not respond quickly when put upon a curative diet. Sometimes 
they did not manifest any signs of improvement for almost a week, when they 
began to show the effects of the new diet. Here it is not a case of the vitamin 
being absent but simply a question of Ihe animal not eating the new ration at 
tint. When they do begin to take the food, the effect of the treatment will be- 
come very evident. However, the precaution should be taken to make sure 
that any gains in weight are due simply to a change in the physical nature of 
the food, rendering it possibly more palatable. Noting the physical condition 
of the animal and continuing the test long enough will settle this point. Where 
it is posedble, as in using extracts, it is generally much better to keep the basal 
diet the same throughout and give the animals definite doses of the extracts. 
In this way, one can make sure that the material has been consumed. This, of 
course, cannot be done where one wishes to test a food in its entirety. 



CHAPTER HI 
DIETARY FACTORS OTHER THAN VITAMINS 

It is a self-evident fact that conclusions concerning any one factor 
in a diet will be reliable only if the ration fed is entirely satisfactory 
in every respect save the particular factor under investigation. Much 
of the early work on vitamins was unsatisfactory because of the 
faulty character of the basal diet, the fault being due to lack of ade- 
quate knowledge rather than to any carelessness on the part of the 
investigators. In recent years great advances have been made in our 
knowledge of the quantitative composition of the natural foodstuffs 
and of the requirements of young and adult animals, especially with 
regard to amino acids and mineral salts. 

McCollwn is responsible for the introduction of what he has 
designated "biological analysis" of foods, that is, a systematic series 
of feeding experiments in which first one dietary factor at a time, and 
then if necessary combinations of two or more factors, arc attered in 
order to ascertain the true function of each. This method is very well 
illustrated by the experiments of McCollum and Davis on the dietary 
value of the wheat grain.^ 

It waa reasoaed that, since all the dietary essentials, except possibly the 
one which ia not present in vegetable fata, arc certainly present in the wheat 
kernel, the faults in the latter must depend upon a laclc of the unknown substance 
contained in butter-fat, or on the quantity of some one or more of the well- 
recognixed constituentfl of the diet. It seemed possible to discover by means 
of a systemutio eeries of feeding experiments In which the quality of the seed 
should be improved with respect to one dietary factor at a time, which factor 
was interfering with growth. Accordingly wheat was fed in the following combi- 
nations, and with the results noted: 

(1) Wheat alone no growth, short hfe 

(2) Wheat plus purified protein no growth, short life 

(3) Wheat plus a salt mixture which gave it a mineral content similar to that 

of milk very little growth 

(4) Wheat plus a growth promoting fat (butter-fat) no growth 

From these results it seemed apparent that either their working h)*pothesi8 
regarding the factors which are necessary in an adequate diet, must be wrong, 
or there must be more than a single dietary factor of poor quality, and jointly 

» McColluxn, "Newer Knowledge of Nutrition," 1919, p. 20. 
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responsible for the poor outritioo of the ammala. la order to tetft tliis theory 
aztother aeries of feeding experiments was carried out in which wheat was fed, 
supplemented with two purified food additions. 

(5) Wheat plua protein, plua the salt mixture Good growth for a time. 

Few or no young. Short life. 

(6) Wheat plus protein, plus a growth-promoting fat (butter-fat) .... No growth. 

Short life. 

(7) Wheat plus the salt mixture, plua the growth-promoting fat (butter-fat) 

Fair growth for a time. Few or no young. Short life. 

Following this method McColliun and his co-workers have made an 
exhaustive study of a great many typical foodstuffs and have arrived 
at results of immense practical value, which must be taken into 
con.sideration in all feeding experiments in which natural foodstuffs 
form part of the diet. In so far as these deal with factors other than 
vitamins they are briefly summarized here for reference. 

Experiments with swine * showed that there was very little differ- 
ence in the nutritive value of the proteins contained in wheat, oat 
and com kernels, and at a single experiment in which the three grains 
were fed together in equivalent amounts there appeared to be little 
advantage through the supplementary action of the proteins from one 
source on those from another. 

Hart and McCollum' showed that when swine are restricted to 
com meal and gluten feed little or no growth can be secured, but with 
an addition of salts, making the entire ash content of the ration very 
similar in quality to that of milk, growth approximating normal was 
secured to at least 275 pounds. On an exclusive diet of wheat kernel, 
growth was again limited, both witli swine and rata. Correcting the 
mineral content alone induced a certain amoimt of growth, but the 
benefit was only temporar>'. Supplementing the wheat kemel with 
salts and butter-fat caused the animals to remain vigorous and strong 
for a very much longer period, and induced improved growth in both 
species, although not up to normal. When a further addition of casein 
to the extent of 2.5 per cent of the ration was made a normal curve 
of growth was secured with both swine and rats. A diet of mixed 
grains and distilled water did not allow normal growth in swine. 

In a study of Uie influence of protein intake on growth, McCoUum 
and Davis* found that there is a progressive increase in the rate 
of growth on rations derived from milk as the plane of protein intake 
is raised between three and eight per cent of the diet, and that, during 

> McCoUum, J. Biol. Chem. 19, 323, 1914. 

> Hart and McCollum. J. Biol. Chem. 10, 373. 

< McCollum and Davis, J. Biol. Chem. 20. 415. 1915. 
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six weeks at least, a ration carrying but four per cent of protein from 
wheat embryo compares favorably with a similar plane of pro- 
tein intake derived from milk powder, and is somewhat better than 
six per cent of protein from the entire kernel, on which rats may grow 
at about half normal rate. 

An investigation on the influence of the mineral content of the 
ration on growth and reproduction * led to the conclusions that pro- 
vided the other factors in the ration are adequate, young rats can 
grow normally and remain in apparent good health on rations whose 
base content varies widely in amount (from 0.2 to 8 per cent) ; and 
that high acidity is not nece^arily injurious. 

McCoUimi and Davis* studied the dietary deficiencies of rice 
and showed tliat polished rice must be supplemented with protein 
and salts, as well as with vitamins A and B, in order to make it a 
complete ration. 

McColIimi, Siramonds, and Pitz ' investigated the nutritive value 
of the wheat embryo (commercial preparation) and concluded that 
it contains qualitatively all the factors essential for the promotion of 
growth and well-being in an animal but in amounts which are not 
all satisfactory, the mineral content in particular requiring modifl- 
cation before growth can proceed at all. The character of the proteins 
appeared to be unusually excellent, an amount equal to 10 per cent of 
the ration being adequate for growth at the maximum rate. They 
state that the wheat germ contains an ebher-soluble substance which 
16 toxic to animals [rats in this case), which would seem to be con- 
firmed by the observations of Hart, Miller and McCollum* that 
with a large mass of wheat in the ration of swine, toxcity will follow 
even in the presence of all the recognized factors for growth," Only in 
the presence of very liberal quantities of all these factors can the 
effect of the toxicity be overcome, no one factor being able to act as 
a complete corrective. The pathological conditions produced by this 
toxicity closely resemble those due to a deficient salt supply. This 
alleged toxicity of the wheat germ is however disputed by Osborne 
and Mendel, who found no evidence " of it in their exhaustive study 

* McCoIlum and Davis, J. Biol. Chem. 21, 615. 

■ HcCollum and Davis. J. Biol. Cbem. 23, 18L. 1915. 

T McCoUum, Simmonds and Pitz, J. Biol. Chem. 25, 105. 

• Hart, Miller and McCoUum. J. Biol. Chem. 25, 249. 

> Sec also, Hart, McCollum, Steenbock and Humphrey, Proc. Nat. Acad. 
0. 1017. 3, 374, J. A|^o. Ees. 1917, zo. 175; Hart, Steenbock and Humphrey, 
Tniv. Wise. A^c. Exp. Sta. Bull. 2S7. 1018; McCoUum, Simmonds and Pitz, 
'. Biol. Chem. 28. 211. 

^^ Oabome and Mendel, J. Biol. Cbem, 37, 557. 
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of the nutritive value of the wheat kernel and its milling products, 
and similar conclusions are reached by Voegtlin and Meyers." 

In a second paper on the eflfects of wheat feeding, McCollum, 
Simmonds and Pit2 " report that they were unable to make up a 
ration containing wheat proteins only which was adequate for rearing 
the young, even though they varied the protein content from 6.5 to 
47.98 per cent. Groi.^'th approximated normal over a wide range of 
protein content, and the injurious effects of the ration showed in tlie 
reproduction records only. Marked improvements resulted from the 
addition of 10 per cent of casein to a ration containing 36.33 per cent 
of protein from wheat. 

McCollum, Simmonds and Pitz " in experiments with rata found 
that the addition of purified protein and salts, or of butter fat and 
salts to maize kernel fails to induce physiological well-being through- 
out the life of an animal, and the addition of protein and butter 
fat without salts is even poorer. 

The oat kernel was found to contain proteins of poorer quality 
for growth '* than either maize or wheat " the deficiency being sup- 
plemented more satisfactorily by gelatin than by casein. The whole 
oat kernel, with the hulls removed by coarse grinding and jamming, 
fails to induce growth; addition of protein, salt mixture, and butter- 
fat being necessary before anything approaching normal growth to 
maturity can be secured, and even with these supplements repro- 
duction is a complete failure. Moreover oats produce fece^ of a 
pasty character which makes their elimination difficult and probably 
tends to debilitate the animal. The protein of the common white 
bean (Phaseolus vulgaris) is of unusually poor biologic value,*" and 
the mineral content also needs supplementing as would appear to 
be the case with all seeds. Moreover the bean appears to exert an 
injurious e£fect on the rat when fed to high level in the ration, pos- 
sibly due to the introduction into the digestive tract of large quantities 
of the indigestible but readily fermentable hemicelluloses. 

Curiously, peas (dry split peas) appear to be more satisfactory 
than beans as a food for rats,'^ inasmuch as feeding liberal amounts 

11 Voefftlin and Myers, Public Health Reps. 1918, 33* Bi3. 

" UcCoUum, Simmonds and Pits, J. Biol. Chem. 28. 211. 

" McCollom, Simmonds &nd Pitz. J. Biol. Chem. 28, 153, 1916. 

^* Ct. mamteauice value as given by McCollom and Simmonds. J. Biol. 
Chem. 32. 317. 

" HcCollum, Simmonds and Pitx, J. Biol. Cbem. 29, 311. 

I* McCollimi, Simmonds and PiU. J. Biol. Chem, 29, 521; Osborne and 
Mendel. J. physiol. Chem. 6o. 307. 1912. See also Johns and Finks, Am. J. 
PLyBioL. 56. 205, 308. 1921. 

1' McCoUum. Simmonds and Parsons, J. Biol. Cbem. 37. 287. 
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of peas supplemented with casein, calcium and sodium chloride over 
considerable periods of time permitted growth to maturity and even 
reproduction, although the young could not be reared. Pea protein 
is however very imsatisfactory in character."* A diet containing 20 
per cent of pea protein and adequate in other respects gave a rate of 
growth less good than has been observed with diets containing but 
half as much protein derived from one of the cereal grains. Even 
when supplemented with protein and \'itamin A, peas to the extent 
of 85 per cent of the food mixture cannot support growth, because 
of the shortage of certain inorganic elements, addition of calcium, 
sodium, and chlorine being necessary in order to make the diet satis- 
factory for the support of growth at the optimum rate. Two experi- 
ments were made in one of which rats fed on liberal amounts of peas, 
supplemented with protein, A, and salt mixture, failed to grow satis- 
factorily, while in the other test, rate fed with a diet supplemented 
with essentially the same purified additions, but containing but half 
as much peas, were much better nourished, and produced what is 
regarded as the normal number of young, although none were success- 
fully weaned. This suggests that there is present in peas some sub- 
stance or substances which prove injurious when taken in large 
amotmta. The toxicity, however, if there be any, is slight, and only 
manifests itself when diets extremely ridt in peas are persisted in 
over a long period. 

In order to ascertain the biological value of mixtures of cereal and 
legume seeds, McCollum and Simmonds ^' experimented with mix- 
tiu'cs of maize and beans as a diet for rats. The nuxture, as was to 
be expected, proved deficient in mineral content and A and in protein, 
The protein in what was apparently the optimum mixture of 80 per 
cent maize and 20 per cent beans had just about one-half the biologi- 
cal value for growth that the total protein mbcture in milk possesses. 
A further study of the values of some seed proteins for nuiintenance 
was made by McCollum and Simmonds.^" Since it has been re- 
peatedly shown that seeds in general are lacking in three dietary 
factors, mineral content, A vitamin, and protein, it follows that if a 
particular seed is fed supplemented with both salts and butter-fat, 
the limiting factor is the quality of the protein. In order to determine 
the relative value of the total protein the following method was 

K employed: 

H (a) The seed supplemented with the necessary salt and butter 



I 
I 



iT« See Stirc, J. Biol. Chem. 46, 443, 1921. 

1* McCollum and SimmondB, J. Biol. Chem. 32. 29. 

^* McCollum and Siznmoads, J. Biol. Chem. 32. 347. 
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fat is fed alone; (b) a pure ciirboliydnitc is added to produce a low 
protein mixture; (c) the supplemented seed is fed ^ith a protein 
preparation from tlie same seed so as to raise the plane of protein 
intake to higlier levels. The results show the relative value of the 
tot«kl protein of the seed as compared with that of other seeds. It 
was found that with rats six per cent of wheat or maize proteins 
just suffice to maintain the animals in body weight, while four per 
cent of oat proteins maintained them in distinctly better condition 
as judged by their appearance than did six per cent of wheat and 
maize proteins. Flaxseed proteins appear to have a still lower bio- 
logical value when fed as the sole source of protein. It requires 
about eight per cent of flaxseed proteins in the food to maintain a full 
grown rat. Millet seed proteins possess a somewhat higher value for 
maintenance. Pea and bean proteins possess about the same biologi- 
cal values when fed alone, both being inferior to either wheat or 
maize. The value of the bean proteins is enhanced by the addition 
of oat proteins while that of the pea is not. Contrary to the conclu- 
sions of Thomas,-^ the proteins of polished rice appear to be of 
about the same quality as those of wheat and maize. 

When mixtures of seeds are fed there is some improvement in the 
biological values of the proteins over those derived from a single 
seed. McCollum and Simmonds^^ aver that in certain cases the 
value of such mixtures doubtless are high, but with simple mixtures 
of the cereal grains tliey were not able to demonstrate a high degree 
of efficiency as a source of protein in any case. 

Since young rats are able to grow at approximately half the normal 
rate on food mixtures in which protein from maize, rye or barley 
are present to the extent of nine per cent of the food mixture, and 
which are otherwise entirely adequate, McCollum, Simmonds and 
Parsons -^ carried on a series of experiments in which the food con- 
tained nine per cent of protein derived from two seeds, one furnishing 
two-thirds, and the other one-third of the total protein, together 
witli adequate amounts of the other necessary ingredients, and com- 
pared the growth obtained with that produced by an equivalent 
amount of protein from a single seed. Of the single seeds, wheat gave 
the best results, rolled oats the poorest, but a ration containing eight 
per cent of protein from milk powder was far superior to one contain- 
ing nine per cent of wheat protein. For the most part the proteins 
from the mixed grains seemed to offer little advantage over those from 

>o Thomas, Arch. Physiol. 1909, 219. 

*^ McCoUum and Simmonds, J. Biol. Chem. 33. 303. 

'^ HcCoUum, Simmonds and Parsons, J. Biol. Chem. 37, 155. 
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a single seed for growth, the most striking exception being a mixture 
of rye and flaxseed in which rye furnished protein equal to six per 
cent and flaxseed half as much, which, for growth, appeared to be 
almost if not quite equal to proteins of milk. A combination in which 
two-thlrda of the protein came from peas and one-third from millet 
also gave good growth and reproduction, and millet proved to have 
some supplementary value when combined with rolled oats also. 

In no case can the necessary mineral content of the diet be satis- 
factorily supplied from seeds alone.*' Even with mixtures of two to 
five seeds," additional sodium, chlorine, and calciiun must be supplied 
before any growth can be obtained. 

The value of the leaf as a supplement to the deficiencies of seed 
rations was studied by McCollum, Simmonds and Pitz,'" who found 
that a mixture of sixty per cent seed and forty per cent alfalfa flour 
gave much more satisfactory growth than can any seed diet unless 
extensively supplemented. Sixty per cent of rolled oats and forty per 
cent alfalfa leaf induces nearly normal growth to adult size ui the 
rat. In this connection McCollum" says: 

"The leaf proves to be a very different thing from the seed from the 
dietary standpoint. The dry leaf usually contains from three to five times as 
much total ash ccnstitucnta as does the seed, and is always especially rich 
in just those elements in which the seed is poorest, vii., calcium, sodium, and 
chlorine. It follows therefore that the leaf supplements the inoreanic deticien- 
oies of the seed. The leaf, in most cnses, contains much more of the dietary 
«iBential, fat^soluble A, than is found in any seed, so that combinations of leaf 
and seed prove more satisfactory for the nutrition of an animal than do mix- 
tures of seeds alone. The leaf contains protein and amino-acids Trhich result 
from digestion of proteins as does the seed. The amount varies from eight per 
cent of protein (nitroKen multiplied by 6.25) in such fleshy leaves as the 
cabbage, after drying, to more than fifteen per cent in the dry alfalfa or clover 
leaf. The seeds vary in their oonteut of protein from about ten to twenty- 
five per cent. The leaf proteins appear, from the data available, to supplement 
and enhance in some degree the value of the seed proteins with which they are 
oombined. The leaf supplementa, therefore, all the nutritive deficiencies of 
the aeed, but not necessarily in a highly satisfactory manner." 

A study of the dietary properties of tubers, as represented by the 
potato, showed*^ that dietary props of potato closely resemble 
those of cereal grains. The first limiting factor for growth is a 
relative shortage of calcium, sodiimi and chlorine, as has been found 

" McCollum, Simmonda and Pitz, J. Biol. Cham. 30, 14. 

^ McCollum and Simmonds, Ibid, 33, 303. 

" McCollum. Simmonda and PitJ, J. Biol. Chem. 30. 13. 

" McCollum, "Newer Knowledge of Nutrition." 1919, p. 43. 

" McCollum, Simmonda and Parsons, J. BioL Chem. 36, 197. 
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to be the case with seeds thus far examaned. The content of 4 is too 
low for promotion of nutrition at optimum, and the biological value 
of nitrogen yielded seems to be of about the same order as that of 
cereal grains. The results on the value of the potato nitrogen for 
growth place it in a very diflferent light from those reported by other 
investigators who have observed its value for maintenance of nitro- 
gen equilibrium in the adult, all ascribing to potato nitrogen a biologi- 
cal value considerably greater than that found by McCollum and 
his associates for any of the protein mixtures contained in the more 
important seeds employed as human foodstuffs.*" 

Cooked dried potato can be supplemented by the addition of puri- 
fied protein, sodium chloride, calcium carbonate, and a fat contain- 
ing A, so as to be satisfactory support of growth at about normal 
rate, and to induce reproduction and rearing of the j'oung. The 
mortality of the young was high and the fertility of adults decidedly 
below normal. Young from these rats have grown at the normal 
rate for about three months after weaning, when confined to the 
diet to which their parents have been confined throughout life, and 
one gave birth to three young. 

The beet appears to resemble the potato in general nutritive char- 
acter. Referring to this McCollum" says: 

^The fleshy roots of the potato and the eweet potato have an inorganio 
content which resembles that of the scad in a general way, so that an inspeetion 
of the analytical data relating to the composition of the aab of the aeeds, tubers, 
and Tools, gave no promise that the combination in diets of seeds with either 
of the latter classes of foodstuffs would correct the inorganic deficiencies of the 
former. Feeding experiments in which a seed and a tuber were combined, 
and BO supplemented with purified protein, and fat-solubte A (in butter fat), 
that all the deficiencies of the mixture, except the inorganic, were made good, 
have shown that in the combinations of each of the more important seeds 
with the potato, the resulting mineral supply, which is derived solely from 
the natural foods themselves, is not of a character suitable for the support of 
growth. The content of the elements, calcium, sodixim and chlorine, must be 
augmented by greater amounts before such food mixtures are complete with 
respect to their mineraJ content. No studies have as yet been made to de- 
termine the biological value of the nitrogen of the tubers other than the potato, 
and none at all of the edible roots. 

"From the results of systematic feeding trials with mixtures of seeds alons 
and the same with single and multiple purified food additions, and the same 
type of experiment using certain of the tubers and root foods in place of the 
seeds, it ia shown that all these classes of foodat^s resemble one another in, 

9« Hindhede. Ugesk. Laeger. 79> Nos. 13, 14, 15, 1917; J. Am. Med. Asso. 
68, 1880, 1917; Thomas. Arch. Physiol. 1909, 219; Rose and Cooper, J. Biol. 
Chem. 30, 201. 

*• "Newer Knowledge of Nutrition." 1019, p. 48. 
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all respects except in the high conteat of water in the tubers and roots. In 
the dry state, they are all much like the seeds, but there is one minor difterence 
which should be mentiooed. The moat important diEFerence ties in the char- 
acter of the nitrogen compounds. In the seeds the nitrogen is almost all con- 
tained in the form of true protein. In the tubers and edible roota most of 
it is in the form of much simpler compounds, a part being ^e same amino- 
acids which are derived from proteins on digestion." 

Running parallel with McCollum's cxperimente in biolo^cal analy- 
sis is an equally interesting and valuable series of papers by Osborne 
and Mendel, besides various communications from other authors. 

Osborne and Mendel " demonstrated that the proteins are not all 
equally adequate in nutrition, but that their biologicai efficiency 
depends on the amino acids present. They showed that a supply of 
tr>'ptophane in the food is necessary in order to maintain an ani- 
mal without loss, and that in addition lysine must be present to se- 
cure growth. The rate of growth appears to be limited by the 
proportions of these amino acids furnished." 

Proteins from one source which contain an insufficient supply of 
the cssentiar amino acida may be supplemented by combining with 
proteins from other sources which have a surplus of those acids 
which the first lacks. Thus the lactalbiunin of milk supplements 
the inadequate protein of com moat satisfactorily," while gelatin 
is a better supplement for oat protein." 

Studying the comparative nutritive value of different proteins for 
growth by feeding exactly equivalent amounts of energy in the form 
of foods with unlike proportions of the individual proteins^ and ob- 
serving the minima for growth and the limits of intake for main- 
tenance as shown by failure to make proper gains or to maintain 
weight, Osborne and Mendel conclude that the economy of the dif- 
ferent proteins as nutriments in growth appears to be closely bound 
up with the constitution of their amino acids. Normal growth is 
attained on a diet containing twelve per cent of casein, but the addi- 
tion of isolated cystine to a diet containing only nine per cent of ca- 
sein renders it equally efficient, indicating that tlic proportion of this 
I acid in casein is below the optimum for growth, Lactalbumin ap- 
pears to be the most efficient of all proteins for growth." Rats could 
be maintained without loss of weight with a smaller intake of this 



>o Osborne and Mendel, Carnegie Publication 156, 19tl, J. Biol. Chem. 12, 
473, 13, 233. 

" J.Biol. Chem. 17,325; 26. 1. 

" J. Biol. Chem. IS. 1; 26, 293; 29, 60; 44, 1. 

" J. Biol. Chem. 34, 521. 

" J. Biol. Chem. 20, 121. 
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than of any other protein studied,'" maintenance being frequently 
secured with as little as five per cent of lactalbumin in the diet as 
the sole source of protein. WTien com or corn meal formed the chief 
constituent of the diet of white rats it was foimd necessary to supple- 
ment this with a protein concentrate rich in tryptophane and lysine 
in order to secure the best results.'* 

An attempt to determine the relative values of the proteins in the 
various cereal grains proved difficult. The general conclusion was 
drawn that the total proteins of rice and barley, in contrast to those 
of com and oate, when furnished in diets containing 16 to 17 per cent 
of protein, supply enough of all the amino acids essential for growth. 

Later " there seemed to be some indication that oats can actually 
furnish all the essential nitrogenous units if the intake of food and 
its concentration of protein are adequate, but as a rule, rats failed 
to eat the oat foods very heavily. The value of rye proteins is ques- 
tionable, and wheat appears to be unsatisfactory as an exclusive 
soinrce of protein,*' since, although the first generation could be raised 
to full adult size on a diet containing ten per cent of protein from 
wheat, the second generation on this food failed to grow with nor- 
mal vigor.'" It appears that the proteins of the wheat endosperm 
are adequate for maintaining adults, but that they are inadequate 
for growth.** Additions of meat, milk, or eggs to wheat flour so 
greatly enhance the value of the protein for growth that a great 
economy in consimiption of protein results.*^ 

A method of expressing the growth-promoting value of proteins 
numerically was worked out by Osborne, Mendel and Ferry ** who 
found that the maximiun efficiency of the different proteins or of mix- 
tures of them can be expressed with considerable accuracy in terms of 
gain of body weight yter gram of protein eaten, provided the rate of 
growth is fairly rapid. With a diet containing 7.9 per cent of lact- 
albumin the maximum gain of weight per gram of protein eaten was 
three grama, which is approximately the maximum growth-promoting 
capacity of lactalbumin. On a similar diet with casein as a sole source 
of protein the greatest gain per gram of protein was 2.25 grama 
when the diet contained 12 per cent of casein. 

» J. Biol. Chem. 22. 241; 26, 1. 
" Proc. Am. Physiol. Soc, Am. J. PhysioK 40, 147. 
" J. Biol. Chem. 41, 275. 

" Osborne and Mendel. 1. c; McCoUum, Simmonds and Parsons, J. Biol. 
Chem. 37, 155. 

" J. Biol. Chem. 37, 657. 

" J. Biol. Chem. 41, 290. 

" J. Biol. Chem. 34, 521. 

** Osborne. Mendel and Ferry, J. Biol. Chem. 37, 223. 
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"While the basal diets used in vitamiD studies vary with every in- 
vestigator, almost with each investigation, certain general principles 
are followed. The protein of the basal ration is very commonly fur- 
nished by casein (or caseinogen, see p. 263), and the carbohydrate by 
either dextrin or starch, the lactose used in the early experiments hav- 
ing been found difficult to purify. Drummond " recommends the use 
of rice starch, which, in the crude state, is almost entirely devoid of vi- 
tamin and may therefore be employed without any lengthy extraction. 
In order to remove any possible traces of vitamin from the casein 
Funk ** resorted to extraction with hot alcohol. This method was ob- 
jected to by McCollum and Davis on the ground that the high tem- 
perature might affect the casein unfavorably.** Since experiments had 
shown that casein suffers deterioration on prolonged heating McCol- 
lum and Davis thought it imwise finally to extract this material for a 
long period with boiling alcohol, as Funk and McCollum *^ had done 
in order to remove all traces of unknown accessory substances. 
Through this treatment the value of the casein may be decidedly 
reduced. 

The method adopted was the following: Casein purified by twice repeated 
precipitation was washed, dried, and ground. It waa then placed in a large 
jar having an outlet at the bottom which waa cloeed with a plug of cheese-cloth 
looee enough to permit a alow passage of water through it. The jar waa 
filled with water acidified with acetic acid. When it had nearly all drained 
oCT the jar was again filled. The casein was frequently stirred to prevent its 
forming a compact mass. This washing was continued during seven or eight 
days, the la«t twenty-four hours washing being with distilled water. The 
product tlius obtained was dried and ground. It was very poor in ash, 10-gram 
samples yielding but a trace of calcium. By this treatment practically all the 
water soluble constituents were diaJyjted out of the granules. With casein 
prepared in this way combined with dextrin, butter-fat, and salts no appreciable 
growth was obtained even during the first month. 

Funk and McCallura*' tested casein prepared by the method just 
given and compared it with that prepared by their own method, with 
identical results. They suggest that heated casein may possibly have 
its value reduced through loss of C, but this is easily made good by 
addition of orange juice to the diet. 

Osborne and Mendel at one time ** believed that casein prepared 

*B Dnmimond and Coward. Bioch. J. 14, 661, 1920. 

** Funk and Macallum, Zeitschr. f. physiol. Qhem. 92, 17; J. Biol. Chenu 
23, 413. 1016. 

" McCollum and Davla, J. Biol. Chcm. 23, 233, 1915. 
*' Funk and Macallum, Zeitschr. f. physiol. Chem. 02, 17. 
«r Punk and Macallum. J. Biol. Chem. 27. 60, 1917. 
M Osborne and Mendel. J. Biol. Chem. 34, 150, 1D18. 
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by ordinary methods was entirely satisfactory, without further puri- 
fication, for use in experiments with vitamin A. Subsequent experi- 
ence however has led them to modify their views somewhat. In a 
later publication *" they discuss the allegation that tlie ability of 
animals to grow for some time in the supposed absence of fat-soluble 
vitamins is due to " exceptional vitality" of the individuals or to 
reserve stores of the vitamin in the body. Unless one accepts some 
indefinite explanation of this sort, it seems necessary, according to 
Osborne and Mendel, to conclude in the light of their experience, 
that removal of the fat-soluble vitamin from even purified proteins 
and carbohydrates is accomplished with far greater difficulty than 
has l)een liitherto suspected. An entirely convincing crucial experi- 
ment, in which nutritive failure immediately ensues upon the ad- 
ministration of diets fully adequate in every respect except for the 
presence of fat-soluble vitamin, remains to be made. It is significant 
Uiat older rats thrive for a longer time than do the younger ones 
on the same diets nearly if not entirely free from the fat-soluble 
vitamin. This is in contrast with the well-established fact that at 
all periods the lack of water-soluble vitamin is speedily manifested. 
They found that rate were capable of appreciable growth for some 
time on a diet of casein or edestin, commercial com starch and dried 
brewery-yeast (all of which had been purified by boiling three times 
with absolute alcohol \mder a reflux condenser for one hour), a salt 
mixture, and lard (either commercial lard, alcohol-extracted lard, or 
lard rendered at comparative low temperatures in their own 
laboratorj')- 

Drununond and Coward °* state that commercial casein contains 
relatively large amounts of A and that animals may obtain sufficient 
of this vitamin for prolonged growth from impure casein incorporated 
in the diet. They recommend the use of casein which has been heated 
for 24 hours or more to a temperature of 102° C, in shallow dishes, 
and then subjected to prolonged and continuous extraction with al- 
cohol and ether. 

In all tests on vitamin A Drummond and Coward '^ recommend 
the use of a hydrogenated vegetable oil instead of a natural fat, since 
even those vegetable oils which are supposed to be devoid of A are 
not entirely so. Hydrogenated cottonseed oil they regard as abso- 
lutely vitamin-free, however, so far as could be ascertamed by numer- 
ous tests. 

«» Osborne and Mendel, J. Biol. Cbem. 45, 277, 1031. 
eo Drummond and Coward. Bioch. J. 14, 661, 1920. 
Bi Dnimmond and Coward, 1. c. 
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Mineral Salts 

It has been frequently demonstrated that it is impossible to secure 
growth or maintenance if the inorganic constituents of the diet are 
improperly adjusted.**' The most satisfactory mixture of salts to sup- 
plement a salt-free diet attained to by Osborne and Mendel in their 
early experiments, after many attempts to modify the relative pro- 
portions of the differentiations present, was essentially that used by 
Rohmann.'^ 

Salt mixture I (Rohmann and Gabome and Mendel) 

Calcium phoephate 10.0 grama 

Potaadium hydirogea phoepbate 37.0 " 

Sctdmm chloride 20.0 " 

Sodium citrate 15.0 " 

Magnesium citrate 8.0 " 

Iron citrate 2.0 ** 

Calcium UcUte 8.0 " 

IOOjO grama 



2.5 per cent of this was incorporated in their salt-free rations. 

Having observed the excellent results attained with rats fed on a 
food mixture of milk powder (60%), starch (16.7%), and lard 
(23.3%), in which the inorganic salts were obtained entirely from 
milk, the idea suggested itself that milk freed from fat and protein 

■1* Scala (Ann. igiene ag, 315. 288, 1919; Expt. Su. Record 43. 462) advanees 
the h>'pothesis that deficiency diseaaea originate in a deficient mineral nutri- 
tion, either in the lack of certain acids or bases or of complexes by meanjs of 
wbicli they are traoBported. In 8cur\*y the inorganic substance which ia lack* 
ii;g is thou^t to be phosphates of the earth metals, which exist in food ma- 
terials in combination with organic material in the form of complexes, easily 
decomposed by heat and by desiccation. The destruction of these complexes 
tends to bring about a state of acidosis and prevents the transportation of cal- 
cium phosphate, etc.. to the bones. In beriberi the alkali phosphates are un- 
able to reach the central nervous system through the defrtruction of the organic 
complexes containing them and the development of a form of acidosis. The 
fact that various mineral substanoea when a<lded to a beriberi-producing diet 
fail to bring about appreciable benefit is explained on the ground of inabiUty 
to reproduce the exact complexes found in the original food material. 

Loew (VierteljahrH. ger. Med, 6z, 151, 1921) contendit that calcium equi- 
hbrium depends on the nature of the diet. A high-fat diet means a low cal- 
cium assimilation. A decrease in the alkallni^ of the blood means a loss ol 
calcium by excretion. A prolonged un<ler-5Upply of calcium gives rise to diverve 
pathological conditions. (Sec aUo, Rabner, Viertetjahrs. ger. Med. 6t. 155 
1931). 

" Jahreab. f. Thier. Cbem. 38, 659. 1909. 



VITAL FACTORS OF FOODS 

migl'it b« osed with advantage as the Bource of inorganic salts. Ac* 
MnUDfly they prepared a product designated "protdn-free nulk/' m ; 
foflowv:** 

Perfectly fresh eentrifugated milk, nearly free from fat^ was pre- 
cipHftted in lota of alxmt 36 liters by diluting with 7 liters of dis- 
tilled water which contained 164 cc, of concentrated hydrochloric 
acid. 7*he flocculent precipitate of casein was strained out on cheese- 
cloth, and the very nearly clear solution was filtered throu^ a pulp 
filter. The filtrate, which at the most was very slightly turbid from 
saivpeDded fat, was tested carefully by the alternate addition of dilute 
alkali and acid to determine whether any more casein could be 
separated from it. The addition of alkali caused a slight precipitate 
which did not increase on adding more alkali or dissolve on the addi- 
tion of even relatively large amounts of alkali. This was presumably 
chicQy calcium phosphate. The addition of acid in no case caused 
any further precipitation. The filtered milk serum was then heated 
to boiling for a few minutes and filtered. The filtrate, which was 
in all cases water clear, was then neutralized to litmus with a dilute 
solution of sodium hydroxide and evaporated to dryness on a steam 
bath at a temperature of about 70* C. The product thus obtained 
formed a friable, pale yellow mass which was easily reduced to a 
fine powder by grinding in a mill. 

With this preparation, as has been already pointed out, they ob- 
tained results successful beyond their expectations; results which 
have been confirmed by later investigations.** 

Considerable discussion arose as to the amount and effect of the 
nitrogen remaining in this "protein-free milk." In their original com- 
mimication these investigators say: 

Several grama of this powder were tested for protein by dissolving in about 
30 cc. of water containing a little hydrochloric acid and warming gently. The 
solution was then nturatcd with ammonium sulphate. The precipitate, which 
appeared to conaist chiefly of calcium Hulphate was separated by centrifugation, 
disBohred in a little water, and potassium hydrate solution and copper sulphate 
added. The solution showed no evidence of the biuret reaction until it was 
saturated with potassium hydroxide and shaken with alcohol. It then separated 
into two layers, the upper alcoholic layer showing a slight but positive biuret 
reacticm. Millon's reaction tried on portions of two or three grams of the 
■nhstence did not give a positive reaction. Nitrogen determinations in several 
lots of the protein-free milk powder thus made showed them to contain 0.66, 
OJSQ, OA), 0.72, 0.71, 067. 075, per cent of nitrogen. Munk » states that if the 

Osborne and Mendel. Com. Pub. 156, Ft. 3, p. 80-Sl. 

9Vheeler, J. Ezper. Zool. 15, 209, 1913; Mitchell and Nelson. J. BioL 
33. 461. 

Monk. Tircbow's AirMv. f. path. Anat 134. Ml. 1S03. 
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proteins of milk are precipitated by alcohol, or separated according to Hoppe- 
Seylcr, from ooe-thirtieth to one-fifteenth of the protein remains dissolved. All 
the proteins can be precipitated only by tannin in the cold or by copper 
hydroxide on beating. Ho further statea that cow's milk contains about one- 
mzteenth of ite nitrogen in non-protein form. Since our protein-free milk 
powder waa equal to £0 per cent of the total solids of the milk, it should, if 
Munk's statements are correct, contain 0.48 per cent of non-protein nitrogen, 
thus leaving at the most only 0.2S per cent of the protein nitrogen, equal to 
I SB per cent of protein. Since 100 grams of the food mixture employed in our 
experiments contained 282 grams of protein-free milk powder, we can assume 
that at the most the food pastes thus made contained only 0.48 per oent of 
milk protein. The protein-free milk powder thus produced as above described 
left about 14^ per cent of inorganic matter on ignition. This includes not only 
the inorganic constituents of the milk, although by no means in the combination 
in which they occur in the mammary secretion, but alao the inorganic salts 
whch were formed by the addition of the hydrochloric acid used to precipitate 
the casein and also the sodium salta which resulted from neutraliaing the milk 
serum with sodium hydroxide solution. 

McCollum " doubted whether the significant nitrogen content of 
milk could be so easily removed as would appear, and waa inclined 
to attribute the success attained with protein*free milk to the sup- 
plementary value of the nitrogen still present. 

Mitchell and Nelson " endeavored to reduce the amount of resid- 
ual nitrogen by the following procedure: Where the original method 
involves precipitation of the casein with slight excess of hydrochloric 
acid, filtration, heating the filtrate to boiling for one-half minute, 
filtering off the precipitate of lactalbumin, neutralizing the clear 
filtrate, and evaporating to dryness at a temperature not exceeding 
70* C. upon neutralization of the filtrate after separation of the lactal- 
bumin, a precipitate is always obtained, probably consisting largely 
of calcium phosphate. This was filtered off and the filtrate evaporated 
to dr>'ncss as usual. In this way preparations obtained contained on 
an average about 0.10 per cent less nitrogen than the preparations 
made after the original method of Osborne and Mendel. Prcsimiably 
this reduction is largely if not entirely in the protein nitrogen. 

I These observers have found Uie preparation apparently as effective 
for periods of five or six months at least in covering the nutritive 
requirements of white mice for simple maintenance as rations con- 

I taining the same amount of unfiltered production. They suggest aa 
a better method of preparation of protein-free milk, precipitation 

" McCollum. Am. J. Physiol. 25, 120; McCollum and Davis, J. Biol. 
Chem. 10, 250; 20, 647; McCollum and Simmonds. Am. J. Pbj'siol. 46, 275, 
1918. 

" UitcheU and Nelson. J. Bi. Ch. 23, 459. 1915. 
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by trichloracetic acid. The optimum proportions were foimd to be 12 
cc. of 50 per cent trichloracetic acid per 10 g. of milk powder, the 
filtrate being boiled for thirty minutes to an hour and filtered again. 
Two separate preparations were made according to this method, and 
found to contain 0.401 and 0.42% N respectively, equivalent to about 
one twenty-third of the total nitrogen of the milk. Tests failed to 
indicate with any certainty the presence of protein material. Al- 
though the tests have not been continued for a sufficiently long time to 
be entirely satisfactory, the product thus prepared seems to be as 
efficient for maintenance at least, as the preparations of Osborne 
and Mendel. In all cases Mitchell and Nelson used the dried centrif- 
ugalized milk put on the market by the Merrill-Soule Co., of Syra- 
cuse. This was dissolved in about twenty times its weight of dis- 
tilled water, and treated accordingly to one or other of the above 
methods. 

Kennedy " states that "protein-free milk" as prepared by the 
method of Osborne and Mendel contains either unprecipitated pro- 
tein or peptides of considerable size as shown by amino nitrogen 
determinations before and after acid hydrolysis and the nitrogen dis- 
tribution as well as by the increase in amino nitrogen after tryptic 
digestion. 

Later, when it was recognized that the "protein-free milk" carried 
vitamins as well as inorganic salts, Osborne and Mendel evolved the 
following mixture of pure salts."' 



Gm. 

Calcium carbonate 134.8 

Magnesium carbonate 2i2 

Sodium ciirbonate 342 

Potassium carbonate U1.3 

Phoffphoric acid 103.2 

Hydrochloric acid 63.4 

Sulphuric acid 9U 



Om. 

Citric acid + H,0 lll.l 

Ferric citrate -|- 1% H,0.. 634 

Potassium iodide 0.000 

Manganese sulphate 0.079 

Sodium fluoride 0B2 

Potaaaium aluminum sulphate 0.D24S 



In the aalt mixture ueed aa reported in the Journal of Biological Chemistry 
37, 317, 1913, the proportion of sodium fluonde is given as 0548. The otiier 
constitucDta arc as given above. 

The chemicals used were analysed and allowance wna made for moisture, etc. 
The acids were mixed and the carbooatea and ferric citrate added to them. 
The traces of potassium iodide, manganeM sulphate, so<iium fluoride, and 
potaffiium aluminum sulphate were added as aolutions of known concentration. 
The final resulting mixture was evaporated to dryness in a current of air at 
90-100"C., and groimd to a fine powder. This mixture with the addition of 

" Kennedy. J. Am. Ch. Soc. 41. 388, 1919. 

•» Osborne and Mendel, J. Biol. Chem. 15* 317, 1013. 



DIETARY FACTORS OTHER THAN VITAMINS 



63 



purified lactoae was inteaded to reproduce u exactly aa poeaible the compo- 
sitioQ of the "protein-free milk" with the exception of the traces of nitrogenous 
compounds and the vitamins. 

McCollum and co-workers have experimented with a variety of 
salt mixtures, the follo^t-ing being noted: *'* 

Soil Mixture I q^ 

Sodium chloride 0.173 

Magneaium sulphate (anhydrous) 0.266 

Sodium dihydrogen phosphate 0.317 

Potaj«ium monohydrogen phosphate 0.S54 

Calcium tetrahydrogen phosphate 0J(40 

Calcium lacUte + 5 H^O 1300 

Ferric laoUte (Merck) 0.U8 

Salt Mixture 11 y-, 

Sodium chloride O.I4ft 

Magnesium sulphate 0225 

Sodium dihydrogcn phosphate 0.203 

Potaasium mooohydrogen phosphate 0£05 

Calcium tetrahydrogen phosphate 0.4SO 

Ferric lactate 0.100 



^ 



2.4 gm. of the above with 1.3 gm. of calcium lactate was used with 
^each 100 gm. of ration."* Iodine was supplied in the drinking 
water once each week.*' 

Mixture I has been used satisfactorily by Steenbock " who states 
however that it is more complex than necessary, iis he has secured 
excellent growth, reproduction, and the rearing of young on rations 
free from sulphatee. Mitchell and Nelson*' using mice as experi- 
mental animals were less successful. They say: 

Our experiments with this salt mixture in experiments on mice have not 
been particularly encouraging. Rations containing all their mineral coostitu- 
ents in this artificiaj preparation have invariably produced unmistakable 
6>'mptoms of malnutrition in the experimental animals, genendly after two or 
three weeks time, though occasionally these sj'mptoma have been deferred 

^^ McCollum and Davis, J. Biol. Chem. is, 167; 19, 250; McCoUum and 
Kennedy, Ibid. 34. 494; McCollum and Simmonds. /6id. 3a, 355; McCollum» 
quoted by McArthur and Luckett, Ibid. ao» 183. 

01 McCollum, quoted by McArthur and Luckett. J. Biol. Chem. ao, lOB, 
1915. 

» McCollum and Davis, J. Biol. Chem. 20. 646, 1915. 

** Steenbock, Kent, and Gross. J. Biol. Chem. 35, 67, 1918; Steenbock, 
Boutwell, and Kent, Ibid. 521 ; See also Hogan, Ibid. 27, 194, 1916. 

" MitcheU and Nelson. J. Biol. Chem. 23, 450, 1015. 
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for a month or even two montlu. ... It is poasible th&t it rests simply on the 
fact Uut different species of animals have been used. Another possible ex- 
planation is that the discrepancy is due to the use by McCoUum and Davis 
of wood shavings in their experimental cages and of paper excelsior by ourselves. 
It is possible that in the former case the wood shaving may have furnished 
some indi5pRn<uib[c mineral constituents absent from the artificial salt mixture 
which constituted a part of Uie rations. We cannot agree with the statement of 
McCoIlum and Davis** that they do not look upon the consumption of a 
small amount of wood fibre as objectionable to any greater degree in this type 
of experiment than is the feeding of agar agar. Also the availability and nutri- 
tive value of the nitrogenous and mineral substances of the wood cannot be 
as lightly disregarded, we believe, as they have been by these investigators.'^ 

A study of tlie inorganic elements in nutrition was carried out by 
Osborne and Mendel by preparing a large variety of salt mixtures 
in which one or more of the elements was omitted and replaced by 
increments of the remaining ones so as to maintain the balance of 
the acids and bases as nearly as possible. This was fed to the rata 
on an otherwise salt-free diet, and the effect on their growth noted. 
Good growth was possible on foods containing only traces of mag-*' 
nesium, sodium and chlorine, less than 0.04 per cent of either sodium 
or chlorine in the food being sufficient to enable rats to complete 
their groT;\^. When both sodium and potassium were lacking growth 
stoppetl, but when only one of these elements was missing growth was 
nearly or quite normal. Restriction of either calcium or phosphorus 
causes prompt restriction of stoppage of growtli. Magnesium could 
not replace calcium even when ^ven in large quantities. Osborne 
and Mendel, commenting on the fact that the growing animal can 
fully supply from inorganic sources its requirements for various of 
the elements emphasizes anew that it is imnecessary to consider the 
presence of calcium, phosphorus, and iron, for example, in natural 
food to the degree that is currently believed. Any shortage of an 
essential inorganic element can be suitably remedied under ordinary 
conditions by the use of its salts. For feeding farm animals, where 
the lack of calcium and prosphorus in their grain rations is always 
encountered, the demonstration that complete nutrition can be attained 
upon diets in which the inorganic ingredients are supplied in the form 
of their commercial salta has a significance that is just beginning to 
be appreciated. 

Some interesting observations have been made by Sherman and 
Pappcnhciracr (J. Exptl. Med. 34, 189, 1921) respecting the effect 
of phosphates and lime salts on rickets. A diet of 95% patent flour, 

«« McCollmn and Davit, J. Biol. Chem. 19, 250, 1014. 
" Osborne and Mendel, J. Biol. Chem. 34, 131. 
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CHAPTER IV 
THE DISTRIBUTION OF THE VITAMINS 

Much information of a general character as to the distribution of 
the vitamins has been gathered during the last decade, but our 
knowledge is still far from satisfactory. Only very recently has there 
been any attempt to make the tests quantitative and lack of stand- 
ardized methods has made it impossible to compare with any degree 
of accuracy the results obtained by different experimenters. Steen- 
bock and Gross '* consider that the time is not j'et ripe to warrant 
a general classification of foods into groups (1) rich in, (2) pooir 
}D, and (3) free from fat-soluble vitamin; as general methods of ex- 
perimentation, especially in reference to vitamin content of the basal 
food ingredients,' period of observation, and control of experimental 
animals, differ so greatly in different laboratories that the conclusions 
of the different observers are hardly comparable. Furthermore, there 
is much reason to believe that the variation in the fat-soluble vita- 
min content of naturally occurring food materials, even when 
ha^^'e8ted at the same stage of development, is tremendous. No doubt, 
according to Steenbock and Gross, there lies here the foundation 
for many interesting correlations in the functional role of specific 
substances in both plant and animal kingdoms, the significance of 
which can scarcely be predicted. 

The results of tests of the different foodstuffs so far as they have 
been obtained are collated in tables appearing in the appendix, with 
brief comments made by the observers, but, owing to the difficulties 
referred to above, no attempt has been made to compare tlie relative 
amoimts present. The comparatively few researches in which more 
precise methods have been employed are discussed in greater detail 
in the text. 

Fat-Boluble A, as suggested by McCollura's nomenclature, is com- 
monly associated with natural fats. Tlie fact that it was first de- 
tected in butter-fat, and that this is a particularly convenient source, 
has led to what is perhaps over-emphasis upon the value of this food- 

' For tablefl, see Appendix. 

i> Steenbock and GroiB. J. Biol. Cbem. 40, 603, 1919. 
* See also Drununond and Coward, Bioch, J. 14, 661, 1930. 

GO 
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stuff. Wliile butter is commonly eaten in greater quantity than any 
of the other foods in which A is found, it is by no means essential as a 
source of this factor, since as will be seen later, certain vegetable 
products equal or surpass butter-fat in this respect, and on the other 
hand, Stcenbock, BoutwcU and Kent ' have called attention to 
the wide variation possible in different butters and suggested a possi- 
ble explanation * 

" lo the course of many experimenU designed to demoiutnte the vitamin 
content of butters we have been impreesed with variations in the amount of 
vitamin present. These variations are not the reuuit of heat treatment aa in 
some cases the exposure to heat in the preparation of the fat was reduced 
to the mmimum neoeMary to secure a clear sample. We surmised that poa- 
inbly the rations on which the butter-fat bad been produced might be rcspona- 
ble. On these general premises lard could be said to owe its deficiencies in 
vitamin to the poverty of the grains in tlua dietary easentiaJ. Similarly beef 
fat would owe its correspondingly greater vitamin content to the grcAtcr vitamin 
content of the roughages such as clover and alfalfa so extensively fed for beef 
and milk production. As yet experiments in this direction have not progressed 
sufficiently to warrant this generalisation. One fact, however, is clear. Vitamin 
content of ttie ration on which butter-fat is produced is not the only factor 
to be considered. One sample of butler-fat obtained from a cow fed exclusively 
on alfalfa hay was found to contain no demcxutrable amounts of vitamin. This 
butter had been kept in an unsalted condition in a poorly iced refrigerator 
for about three weeks. In this time some molds hod developed on its surface 
which neceiMitated discarding part of the material. . . . Questions of influence 
of feed, storage conditions, and temperatures used in the renovation of inferior 
products and even the method of use of the product in the home must be 
taken into consideration when depending upon butter-fat as a sole source of 
fat vitamin in the dietary." 

It is an interesting fact that butters rich in pigments usually con- 
tain more vitamins than Uiose less highly colored.^ According to 
Stephanson,* however, extraction of the coloring matter of butter 
by treatment with wood charcoal does not affect the vitamin content. 

Beef fat contains some A, the more liquid portion (oleo oil) having 
the highest concentration. This accoimts for the presence of vitamins 
in oleomargarines made from animal fats, some of which have been 
reported by Halliburton and Druznmond '^ to be equivalent to butter 
fat in this respect. Oleomargarines from vegetable fat« on the other 
hand have been found to be poor, if not entirely lacking in A, 

* Steenbock, Boutwell and Kent, J. Biol. Chem. 35. 519, 1918. 

* See alao Dutcher, Kennedy and Ecklea. Sci. 52, 6S8. 1920, and Dnim- 
znond and Coward, Bioch. J. 14. 668, 1920, on the influence of the diet of cows 
upon the fat-8oluble and water-eoluble vitamins tn cow's millc 

» Steenbock. Sell and Buell. J. Biol. Chem. 47. 89, 1921. 

" Stephenson, Bioch. J. 14, 715, 1990. 

' Halliburton and Dnimmond, J. Physiol. 51, 235. 1917. 
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The fat present in egg-yolks is rich in A, as is also cod-liver oil, and 
it has been suggested that the long-recognized restorative value of 
milk, eggs and cod-liver oil may depend upon their \'itamin content. 
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Fia. 3. — The remarkable grow-tb-projuot-iriB property of small 
amouata of cod liver oil aa a source of fat-soluble vitamin is illustrated 
by the above growth curves. White Indian com was used as a source 
of water-Aoluble vitamin as it has been shown in numerous experiments 
to lead to nutritive failure as a source of fat-soluble A and yet it fur- 
nished plenty of the water«olubIe vitamin for normal growth. 

Courtesy of Prof. H. Steenbock, M. T. Sell, M. V. BucU and Journal 
of Biological Chemistry (47, 102, 1921). 



A has been found in all crude fish oils, which have been tested, but 
cod liver and whale oil appear to be the richest." 

* Zilva and Miura (Lancet. 1021, I, 323) used a quantitative method of 
fiitimation of the fat-floluble acccsBory factor in cod-liver oil and buttor. It 
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Lard has been generally believed to be entirely lacking in A and 
for this reason has been regularly used as a component of the basal 
ration in testing for the presence of A in other foodstuffs, but Daniels 
and Loughlin <^ have reported that it actually containfi a certain 
amount, altliough this is only demonstrable when the lard is fed at 
a high level (28 per cent). On a diet of 18 per cent of casein {ex- 
tracted for 48 hours with ether in a Soxhlet), 28 per cent of lard, 
7 per cent of salt mixture, 47 per cent of corn starch, and the water- 
alcoholic extract of 9 gm. of wheat embr>'o (previously extracted 
with ether) they secured good growth and reproduction of rats over 
a period of 5 months, but when the lard was reduced, to 21 per cent 
gro\N'th ceased after about two months. If this is correct, then A is 
present to some extent at least in all fats of animal origin so far tested 
but as yet these results lack complete confirmation. 

A series of careful investigations has been carried on by Drura- 
mond * to determine the nutritive value of lard and lard substitutes 
from the standpoint of \itamins. This work was undertaken in xiew 
of the fact that no entirely satisfactory explanation of the deficiency 
of lard in vitamin content had so far been advanced by any investi- 
gator. 

In this connection it is appropriate to note the results of some ex- 
periments conducted by Drummond on the digestibility of these 
products. All edible oils and fats with rare exceptions are well di- 
gested and absorbed by the mammalian alimentary tract. The 
following table will show the melting point and digestibility of lard 
and some of its substitutes: 



HamplB 


At^: 


UitA In tUya 


Avence eoef- 
6c)iont of difMti- 
biJily — P«r 

Mflt 




37.50 
37 
40 
38 
36 
37 
37 


10 

10 

7 

10 

7 
7 
7 


97.70 


Neutral lard II 


98.20 


Hftrdeoed cotton-eeed oil, lard substitute I . 

Lard substitute B, compound lard 

TiAnl p'i*>f"ti('it^ (^- 


96.10 
97.20 

96.40 
96.70 
97.50 







was found that the former was much more potent. The high potency is cod- 
tained particularly in the crude preparations of cod-liver oil. 

Steenbock, Sell and Buell call attention to the high content of fat-«oluble 

I A in cod liver oil although this oil contains very little yellow pigment. (J. Bid. 

^— Chem. 47. 89, 1921). 

^m 8* Daniels and Loughlin, J. Biol. Chem. 4a, 359. 1920. 

■ 9 Drummond. J. 8. C. I. 1921, 81 T. 
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From our present knowledge of the vitamin-content of fats and oils 
we recognize that the results tabulated above are likely to lead to 
erroneous conclusions. Judging these fats from the standpoint of 
tJieir digestibility would place them about on parity. But rating 
foods on calories and digestion coefficients without considering the 
vitamin content is no longer sound. Recent researches have demon- 
strated that the amount of vitamin A present in the body fat of an 
animal is determined largely by the diet which the animal has re- 
ceived. Apparently the animal organism does not possess the power 
to synthesize vitamins, but can store up a reserve in certain parts of 
the body when a surplus is provided in the diet. 

In order to throw light on these points, experiments were made with 
young pigs reared on dietaries some of which were practically devoid 
of vitamin A while oilers were supplied with an ample amount of 
that factor." 

Certain animals from each lot, after several months on the special 
diets, were slaughtered and samples of leaf fat (peri-nephritic fat) 
and back fat were removed. By means of the biological method these 
products were tested for the presence of vitamin A with the following 
interesting results. The body fats of swine fed on dietaries furnish- 
ing ample supplies of \itamin A contained that substance, but its 
presence could not be demonstrated in the fats derived from animals 
fed on the foods deficient in vitamin A. 

Drumraond^* examined the various processes of lard manufacture 
in order to ascertain their effect on the vitamin A ori^nally present. 
The destruction of A at high temperatures was at one time believed 
to be due to the heating alone,*' but more recently it has been shown 
that temperatures up to V^"^ C. do not inactivate the vitamin unless 
there is contact with air or oxygen. It would, therefore, appear that 
the destruction is probably due to changes of an oxidative nature." 

The older methods of lard manufacture, which are still used to 
some extent, are essentially modifications of the original farmhouse 
process in which the fat is rendered at low temperature, about 70** C., 
and separated in a simple manner from tlie connective tissue and 
water, etc. The more up-to-date processes involve a certain 
amount of aeration at higher temperatures. Stirring is employed dur- 
ing melting and after the separation of the layers, the fat is stirred at 

^0 Drummond, Golding, Zilva and Coward, Biochem. J. 1920, 14, 742. 

" J. 8. C. I. 1921. 81T. 

" Steenbock^ Boutwell and Kent, J. Biol. Chem., 1918. 35, 677; Drum- 
mond, Biochem. J. 1919, 13, 81. 

1* Hopkins, Biochem. J. 1920, 14, 725; Drummond, Biochem. J. 1020, 24, 
734; Zilva. Biochem. X, 1930. 14. 740. 
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the temperature of 102^ C. for ten to fifteen minutes to remove 
moisture. 

By actual experiment it was found that the lard prepared from hog- 
fat rich in vitamin A by the simple rendering process contained prac- 
tically all the vitamin originally present in the fat. However, an ac- 
tive sample of hog-fat was found to have lost practically all of its 
vitamin A after being converted to lard by the rendering process more 
commonly used, employing agitation and higher temperatures. 

Oleo-stearin also appears to be generally deficient in vitamin A. 
Beef fat normally contains appreciable quantities of this indispen- 
sable dietary constituent,** and these observers found on crystallisa- 
tion of beef fat from alcohol that the vitamin is concentrated in the 
moUier liquors together with the glycerides of lower melting point. 
This explains why in the process of separating oleo-stearin from pre- 
mier jus the greater part of the vitamin passes through with the ex- 
pressed oleo oil. The usual process of oleo oil preparation would 
hardly be likely to affect the amount of vitamin present. 

Considerable variations in the vitamin content of oleo oil may be 
encountered, but these are in all probability due to the seasonal varia- 
tions in the diets of the animals. Oleo-stearin is practically always 
of low vitamin value. Tlie nutritive value of compound lard will 
therefore be much influenced by the vitamin content of the constit- 
uents employed in its compounding." 

Lean meat and fiah are probably entirely deficient in A}^ 

Vegetable fats and oils seem in general to be poor in A, although 
as Drummond points out," no hard and fast line can be drawn be- 
tn-een these two classes of oils and fats when tlieir value as sources 
of the fat-soluble vitamin A is considered. Certain vegetable oils, as 
for example palm and yellow maize oils, are in the crude condition 
good sources of the vitamin. Both animal and vegetable oils and 
fats tend to lose vitamin A on refining. Bolton observes that it 
would be desirable to find a method whereby the manufacturer could 
first separate the vitamins from oils, then carry on the refining proc- 
ess, and re-introduce the vitamins which otherwise would be de- 
stroyed by the process." 

i« Osborne and Mendel, J. Biol. Chem., 1915, ao, 379. 

" Drummond, J. S. C. I. 1921, SIT. 

^^* In rate, dead as a result of vitamin-free diets, both faU and lipoids m&y 
be completely lacking in the ** lipoid gland tisAUc." It is suggested by Cromer 
(Proc. Phyaiol. Soc.; J. Physiot. 54, ii, 1920) that this lipoid gland tissue forms 
an important deposit of one or more of the vitamins. 

" Drummond and Coward^ Bioch. J. 14, 668, 1920. 

" J. a C. I, 1921, 81 T. 
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wm pmhieed and noae were reared but in no case was there any 
ayy a aiM ice of tbe xerophathalmia commonly aasociated with de- 
fidcDey of A. Jodipng by the appearance of the ammals, spinach 
■ecpcd to be tbe moat aatjafactory and lettuce tbe poorest, of this 
group* Oflbomc and Mendel " also noted that spmacb leaves ap- 
peared to be richer in A than most of the products used in an ordinary 
diet, 

Tbe graMee clover, alfalfa, and timothy have all been found ex- 
ceptionally rich in A, especially when cut before reaching full maturity 
and carefully cured. Steenbock and Gross'* found it possible to 
•acure growth at tbe normal rate on a ration carrying five per cent 
of al/alfa as tbe only source of A. Young were successfully reared, 
although the time for rearing was prolonged eight to ten days beyond 
tbe normal, thus giving indisputable evidence of the richness of al- 
falfa in the fat-soluble vitamiu. How much less than five per cent 
of the ration mi^t have been constituted of alfalfa and still have 
produced results such as the above was not determined, but Steen- 
bock and Gross were inclined to think from the curves of growth 
and the behavior of the young that they had reached approximately 
the lowest level possible with their material. With five per cent 
of clover as the source of A, growth approximating normal was se- 
cured, and vounK were reared thougli at a subnormal rate of growth. 

Osborne and Mendel tested the value of various plant and animal 
products '* by determining the amount necessary to promote renewed 
growth in rats which had declined on a diet deficient in A but suitable 
in all other respects. Their baaal ration was composed of meat residue, 
19.0 per cent, salt mixture of 4.0 per cent, starch 52 per cent, lard 
24 per cent, and yeast 0.4 gm. daily. On such a diet, rats soon fail to 
grow and tlicn begin to decline rapidly in body weight, but unless 
the dumnge has been ullowed to go too far, restoration to health and 
renewed growth can be brought about by replacing part of the lard 

>* Steenbock tinil OroM, J. Bio!. Chem. 41, 149, 1920. 
" Osborne nnd Mendel, J. Biol. Chem. 37, 188. 1919. 
w 8t««nbock nnd OroM, J. Biol. Cbem. 41, 149, 1920. 
n Osborne and Mendel, J. Biol. Cbem. 41. 6S1, 1930. 



THE DISTRIBUTION OF THE VITAMINS 



73 



by butter-fat or some other potent source of A. When the other 
dietary factors were satisfactory they found 0.5 gm. of butter-fat 
(five per cent of the ration) suflBcient for this purpose, but made 
no tests to determine whether this amount represents the minimum. 
The superior efficiency of some plant products as a carrier of the A 
vitamin is indicated by the fact that as little as from 25-70 mg. per 
day of ether extract of clover, timothy, alfalfa or spinach induced re- 
covery and rapid growth in animals which were suffering from lack 
of this vitamin. A similar amount of dried cabbage was not sufficient, 
although there was evidence of the presence of some A. Steenbock 
and Gross " were not very successful in attempting to use fresh cab- 
bage as a source of A, owing to the fact that cabbage is liable to 
cause digestive disturbances which result in a decreased food intake 
and consequent complications in the relation between growth and 
diet. Fifteen per cent of cabbage in the ration was sufficient to pre- 
vent decline and even to promote growth, though at a subnormal 
rate, but the fact that addition of butter-fat produced prompt ac- 
celeration in the rate of growth indicated that this amount of cabbage 
did not furnish the optimum amount of A. 

Tubers and roots differ considerably, but may be regarded for the 
most part as intermediate between leaf and seed. White potatoes 
are not rich in tlie factor, being about equal to the cereal grains in 
this respect, according to McCoUum, Simmonds and Parsons," 
while the sweet potato has a much higher concentration of A, 15 per 
cent in the diet being sufficient to permit of normal growth and re- 
production. Carrots are about equivalent to sweet potatoes as a 
source of A^ but the dasheen, which is a vegetable of very similar 
type, is apparently almost devoid of it,** and the sugar beet and 
mangel contain very little.*" 

Most seeds contain some vitamin A, but very few are rich in this 
factor."* Flax and millet seeds and the Georgia velvet bean have an 
exceptionally high content of A, but the ordinary edible seeds contain 



3> Steenbock and GroM, J. Biol. Chem. 41, 149, 1920. 

» McColIum, Simmonds and Parsons, J. Biol. Chcm. 36, 197, 1918. 

" Steenbock and Gross, J. Biol. Chem. 40, 501, 1919. 

3* See also Steenbock and Gross, Ibid. 40, 529, 1919, and Osborne aod 
Mendel. Ibid. 41, 555, 1920. 

aaa White rata fed rations in which all the protein (18.4%) was eupplied by 
tomato-seed press cake grew at the normal rate. Water-soluble J5 and fat^ 
Boluble A vitamins apparently were furnished in adequate amounts for normal 
growth when one-half the ration consisted of tomato-seed cake, the other half 
being made up of purified products. Finks and Johns, Am. J. Physiol, jfi, 404, 
1021. 
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relatively little.** Coward and Drummond " found that nuts such 
as the Brasil Dut, peanut, walnut, and almond, furnish only an Insig- 
nificant amount of A despite their high fat content. 

Fruitfl have not been very extensively investigated as to their con- 
tent of A, but bananas contain at least some of this vitamin, while 
lemons, grape fruit and oranges are apparently completely lacking. 
Tomatoes are unusually rich in Aj dried tomato being more efficient, 
weight for weight, than butter-fat. 

Various factors influence the value of milk and butter as sources of 
vitamin ^4. Dnunmoad, Coward and Watson ^' have studied these 
variations. The diet of the cow is undoubtedly the chief cause of 
variations in the amount of vitamin A in milk. Colostrum is richer 
than milk; butter is somewhat poorer, partly owing to mechanical loss 
and partly to destruction. " Blowing " and other methods of butter- 
making which involve exposure to air at high temperatures, may cause 
a loss of vitamin A. The vitamin content of butter produced in win- 
ter is low, sometimes very low, because the cattle are stall-fed on dry 
feeds of hay, roots and cake; even a simimer drought may lower the 
vitamin content. Storage of butter does not lower the vitamin A con- 
tent unless there is oxidation, nor does development of rancidity per 
Be. " Renovation " of rancid butter will entail further loss of vita- 
min, if the methods employed cause oxidation. 
Stammers reports that bran contains vitamin B and also some 

- vitamin A. 

P McCoUtmi and others have endeavored to correlate the distribu- 
tion of vitamins with the function of the plant organ." It has been 
found that the leaf of the plant is several times richer in fat-soluble 
A than are the wheat, oat, and com kernels. Certain seeds approxi- 
mate the value of the Jeiif in this substance. Hemp seed is distinctly 
better than those just named, but flaxseed and millet seed are still 
richer than hemp seed and may readily be incorporated in the diet 

" A Beries of careful feeding teats conducted by Sure and Read has e^tab- 
Ushed the fact that the Georgia velvet bean seed of early speckled variety is 
abundant in fat-soluble A but low in watcr-aolublc B. This seed when fed raw 
ifl injurious to the growth of young rat^. However, the injurious effect can be 
destroyed to a great extent by autoclaving tlie seed for one hour at 15 pounds 
prcflBure without destroying the vitamins. (J. Agricultural ResearcJi. aa. No. 1, 
1021). According to Finks and Johns (Am. J. Physiol. 57, 61, 1921) the nutri- 
tive value of the proteins from Chinese and Georgia velvet beans is not satis- 
factory. 

ST Coward and Drummond^ Bioch. J. 14, 665, 1920. 

" Dnimmond, Coward and Watson, Biochem. J,, I92I, 15, 540. 1921. 

** Stammers, Biochem. J. 15, 489, 1921. 

*« HcColIom, Simmonds and Pitx, J. Biol. Chem. 3D. 18. 1017. 
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in amount sufficient to meet the needs of an animal for the fat-soluble 
A during growth. 

It is interesting to note that the content of the fat-soluble A is high- 
est in those seeds which are smallest (flax and millet). Possibly 
this may be in some measure related to the relatively large propor- 
tion of germ as compared with endosperm in such seeds. The en- 
dosperm is in great part to be likened to a mixture of purified pro- 
teins, carbohydrates, and fats, while the germ is relatively rich in 
functioning plant cells as well as fats, carbohydrates, etc. The 
differences in the amount of stored food material contained in the 
germ in various seeds render it impossible to make such a comparison 
very accurate. It has been suggested tliat the differences in the diet- 
ary properties of the entire seed as contrasted with the embryo, and 
of polished rice as contrasted with hulled rice, may lie in part in the 
association of A and B with the functioning cell. In like manner, 
it is possible to account for the exceptional richness of the leaf in 
these two dietary principles. The leaf is the seat of great synthetic 
activity and comprises a relatively large amount of functioning cells 
associated with those substances which may be considered as the 
equivalent of purified protein, carbohydrate, and fats. 

This point of view is criticiared by Stccnbock and Gross *^ who 
point to the great variation in vitamin content of organs so closely 
associated in function as tubers and roots. These investigators have 
adopted a hypothesis of their own, according to which A is associated 
with the occurrence of certain yellow plant pigments. In support of 
this hypothesis it is pointed out "• that experiments with eight vari- 
eties of corn have indicated that white com contains practically no 
fat-soluble vitamin while yellow com contains a sufficient amount to 
permit normal growth and reproduction in the rat. Colored roots 
such as carrots and sweet potatoes have been found to contain much 
fat-soluble vitamin, while the uncolored sugar beets, mangels, dash- 
eens and Irish potatoes show little of it. Experiments with com- 
mercial oleo oils show that those most highly pigmented are also 
richest in fat-soluble vitamin, while the least pigmented are poorest 
in this growth essential. The fact that the yellow pigment in butter- 
fat disappears simultaneously with the destruction of the vitamin by 
heating may or may not be significant, but is at least a suggestive 

*i Steenbock and Gross, J. Biol. Cbem. 40, 503; 41, U9. See also Steen- 
bock and Boutwell, J. Biol. Chem. 4z, St. 163; A2, 131. Steenbock, Sell, Nel- 
son, and Buell. Proc. Soc. Biol. Cbem. J. Biol. Chem. 40, xxxii, 1921. Steen- 
bock, Sell, and Buell, J. Biol. Cbem. 47, 80, 1921. 

» Steenbock, Science, 50, 352, 1919. 
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coincidence.'** The occurrence of certain materials which contain as 
much fat-floluble vitamin as yellow corn, but which are much less pig- 
mented might be due to the presence of a leuco compoimd of the 
yellow pigment." 

Ripe peas of green color were found richer in vitamin A than those 
of a yellow color. The former also contained more yellow pigment 
than the latter." 

Roscnstein and Drummond ** also reported that the A vitamin 
was to be found contained in the same foodstuffs that contained lipo- 
chromes, and concluded that it was probably associated in some man- 
ner with pigments of the carotin type. Further study, however, 
showed that the presence of yellow lipochromes was unreliable as 
an indication of the presence of A and Drummond has abandoned 
this hypothesis." 

Palmer*' disagrees with Steenbock's assumption and points to 
the case of cottonseed oil which is golden yellow in color and rich in 
carotinoids, but is remarkably .free from vitamin. The same seems 
to be true of corn oil. He also adduces the fact that he was able to 
raise a flock of chickens to maturity on a carotinoid-free diet. These 
chickens laid carotinoid-freti egga, which hatched into a second gener- 
ation of chicks, free from carotinoid. He states that either the fat- 
soluble vitamin and the yellow plant pigments are not related physio- 
logically or the fat-soluble requirement of fowls differs from that of 
animals. 

It may be noted, however, that Palmer's basal ration contained 
abundance of pork liver, which was believed to be free from caro- 
tinoids but fairly rich in A, whereas Rosenheim and Drummond 

*** In beef-fat and butter-fat, according to Steenbock, SeU and Bnell, the 
content of A does not closely parallel the pigment content However, both 
vitamin and pigment are closely associated in theae fata and hence the most 
highly pigmented ffit« are generally richest in vitamin A, (Stecnbock, Sell and 
Buell. J. Biol. Chem. 47, 89, 1921). 

" Willaman (Am. Food Jour., Oct. 1921) emphamMs the virtues of yellow 
vegetables based on the obsen'ations that yellow color and vitamin A practically 
always occur in parallel amounta. The list includes BW'eet potato, Irish potato, 
mangel, squash, daaheen, sugar beet, man>' varieties of com and peas, spinach, 
chard, lettuce, cabbage, alfalfa, clover, timothy and tomato frutta. 

a* Steenbock, SeU and Boutwell, J. Biol. Chem. 47, 303, 1921; J. S. O. L 
1921, 713A. 

*B Bosenstein and Drummond, Lancet 1920, I, S62. See aUo Drummond, 
Bioch. J. 13, 81, 1919. 

" Drummond and Coward, Bioch. J. 1920. 14, 668. 

*' Palmer, Sci. 50, 501. 1919. Palmer and Kempater, J. Biol. Chem. 39, 
299, 1919; Palmer and Kexmedy, lb. 46* 559. 
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{!• c.) state that liver tissue was found to contain, besides carotin 
and xanthophyll, a substance which gives certain reactions similar to 
those given by the lipochromes, but not identical with any known 
member of that class. 

From later exfjeriments Palmer and Kennedy *■ report that rats 
will grow and reproduce on ewe milk fat containing only 0.00014 per 
cent of carotin, or even with carotinoid-free egg yolk as the sole source 
of vitamin A. 

Vitamin B appears to be present to some extent in almost every 
natural foodstuff. Yeast was considered by Funk to be the most 
efficient source, but the Lister Institute workers ■" place pressed yeast 
fourth on the list of substances effective for prevention of beriberi; 
rice and wheat germ and lentils, being apparently quantitatively 
superior to it.*° According to Seidell ** fresh pressed yeast is in- 
ferior to autolyzed yeast for this purpose. 

Bread made from mixtures of wheat flour and soya bean flour was 
foimd by Johns and Finks *'* to have higher nutritive qualities than 
that made from wheat flour alone. Feeding tests on rats were made 
with 15 to 25 per cent soya bean flour in the wheat flour and these 
trials showed that proteins and vitamin B in amounts sufficient for 
normal growth were furnished by the ration. In fact the mixed pro- 
teins proved two or three times as effective for growth as wheat 
proteins alone. 

Seeds in general contain an abundance of B. As small an amount 
as 15 per cent of whole wheat as a source of B is sufficient for com- 
plete growth in the rat, and so promotes well being as to induce pro- 
duction of nearly the normal number of yoimg, but this amount is 
not great enough to enable the young to reach weaning age without 
pronounced nervous disturbances ending in death.*" Beans do not 
differ greatly from the cereal grains, and dried peas are also markedly 
efficient. 

Dried seeds have varying, generally small, quantities of vitamin A, 
which are not increased on germination. Green leaves form large 
quantities from inorganic salts, but the vitamin is not synthesized in 
the absence of chlorophyll. The vitamin is synthesized by green 
algae and, to a lesser extent, by red algae, but not by mushroomB. 

" Palmer and Kennedy, 1. c. 
" Punk, Bioch. Bull, fi, I, 1916. 
**• Med. Res. Com. Report No. 38. 
« Seidell, J. Biol. Chem. 29, 145, 1917. 
<»• Johns and Finka, Am. J. Physiol. 55, 455, 1921. 

« McCollum, SimmondB and Piu, J. Biol. Chem. 28, 211, 1915-17; See 
ftUo Osborne and Mendel, Ibid. 37, 590, 1919. 
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Vitamin A of green leaves is not associated with proteins; it may be 
extracted in the fat removed by solvents and appears in that fractioa 
of the fat which resists saponification.** 

With regard to the distribution of the vitamin within the seed, 
Chick and Hume state that in cereals the anti-beriberi vitamin is 
mainly deposited in the germ or embryo of the grain and to a less 
extent in the bran. White wheaten flour and polished rice, which 
consist of the endosperm of the grain, are deficient in this vitamin. 
Wheat endosperm, after removal of the aleurone layer in 
the ordinary milling process, constitutes white flour, which 
is deficient in antineuritic vitamin and will produce polyneuritis in 
pigeons or beriberi in man, if used as an exclusive diet, acting in a 
manner identical with the behavior of polished rice. In both the 
rice and wheat grain, this vitamin is contained in the germ or em- 
br>'o, being present to a lesser degree in the bran (pericarp and 
aleurone layer), probably in the aleurone layer. The embryo of 
com grain possesses marked antineuritic properties; both the scutel- 
lum and the plantlet contain the antineuritic vitamin.** Race germ, 
according to these investigators, is about twice as efficient as wheat 
germ, weight for weight, as a preventive of beriberi. 

This theory as to the distribution of the anti-beriberi factor in 
seeds is confirmed by other experimenters,*" and McCollum** asserts 
in general that the cell-rich tissues of the plant such as the germ are 
better sources of B than are the entire seeds, but these in turn are 
better than is the endosperm. 

All these investigators made use of the commercial embryo of the 
grain for their tests. Osborne and Mendel *^ have shown that 
whereas commercial wheat embryo is rich in B, if the embryo be 
very carefully separated by hand from the remainder of tlie seed 
it IB & much less efficient source of this factor than has been supposed. 
On diete including as much as 150 mg. of pure wheat embryo per 
day as the only source of B they secured perfect maintenance of rata 
but no growth. On the other hand the residues from which the 
embryo had been carefully removed proved quite as effective in pro- 
moting growth as did the whole wheat kernel. When the embryo- 
free grain was divided into sections and fed separately it appeared 
that the end near the embryo is more efficient than the remainder of 

** Coward and Drumxnond, Biochem. J., 15, 530, 1921. 
«* Chick and Hume. J. Roy. Med. Corpa. 29. 121, 1917. 
«B Vcegtlin, Lake and Myers, U. S. Pub. Health Reports 33, 647, 1918; 
Am. J. Physiol. 48, fiM, 1919. 

McCollum, Simmonds and Parsoiu, J. Biol. Chem. 37, 287, 1920. 

Osborne aud Mendel. J. Biol. Chem. 37. 557, 191S. 



THE DISTRIBUTION OF THE VITA^nNS 



79 



h 



the seed, although the latter is by no means devoid of activity. They 
conclude that the vitamin is located in the endospenn, but not uni- 
fonnly distributed througli it, the high vitamin activity of the com- 
mercial embr>'o being probably due to the adherence of a considerable 
proportion of the softer part* of the endosperm which surround the 
embryo proper. According to Osborne and Mendel, this conclusion 
is not at variance with their experiments with wheat flour or com- 
mercial embryo meal, nor with Vocgtlin, Lake and Myers' discovery 
that patent flour is practically free from vitamin. In making flour 
by gradual reduction the grain is broken into successively smaller 
particles, a bolting process being interposed between the breaks. 
The finer particles, which represent the more friable part of the en- 
dosperm, are thus sifted out and the larger and harder particles 
which remain on the sieves are ground into patent flour. If tlie vita- 
min is in fact concentrated in the softer parts of the endosperm the 
patent flour may be expected to be nearly free therefrom and the 
lower grades to be correspondingly richer in this food factor. 

An attempt has been made to correlate the presence of vitamins 
with the distribution of phosphorus in cereals. Frascr and Stanton *• 
concluded that a diet consisting mainly of rice with a phosphorus 
pentoxide content of less than 0.4 per cent would not furnish suf- 
ficient antineuritic body for safety. Voegtlin and Myers assert 
that: 

" The phosphoric anhydride determination of wheat and corn prod- 
ucts yields fairly satisfactory information as to the content of these 
products in accessory foods. A low phosphoric anhydride content 
indicates that the product is poor in vitamins.** 

Vocgtlin^ Sullivan and Myers '" proposed a minimum phosphorus 
pentoxide content of 0.5 per cent as a standard for com producta, 
and of 1 per cent for wheat flour. Green objects to this standard.*' 
He admits that the examination of maize-milling products by dietetic 
experiments using the pigeon as discriminant, indicates that the dis- 
tribution of vitamin in the com kernel follows the distribution of 
phosphoms pentoxide whenever any given sample of grain is taken 
into consideration, but claims that the parallelism does not hold be- 
tween different samples of grain, and that no difference in vitamin 
content could be detected by pigeon analysis in a series of samples 

'* Praser and Stanton, Studies from the Institute of Medical Research, 
Federated Malay States, 1909. The etiology of beri-beri. 

*• Voegtlin. Lake and Myers, U. S. Public Health Repts., 33, 647> 1918; 
Voegtlin and Myers, Ibid. 33, 911, 1918. 

•0 Voegtlin. Sullivan and Myers. Ibid. 31, 935. 1016. 

» Green, 5. Af. J. Soi. 14, £19, 1918, Chem. Abe. 12, 2600, 1918. 
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of whole com varying in phosphorus pentoxide content from 0.35 to 
0.71 per cent. In these samples the '* indicator limit " of phosphorus 
pentoxide for milled meals on the border-line of efficiency, would 
vary from 0.23 to 0.46 per cent. From this it would seem impossible 
to use phosphorus pentoxide in milled products as indicator of vita- 
min efficiency unless the phosphorus pentoxide content of the original 
mother-grain is known. This information is rarely available, and 
the determination of phosphorus pentoxide as a general analytical 
guide to efficiency, as advocated by Vocgtlin, Sullivan and Myers 
would be impractical according to Green. Their standard of 0-5 
per cent for phospliorus pentoxide corn meal would condemn more 
samples than it passed, including the majority of perfectly 
efficient South African meals. Simple microscopic examination of a 
meal, to gage the extent of milling, would be a safer guide than the 
phosphorus pentoxide standard. 

By taking " average pigeon requirements " as standard for com- 
parison, and stating this as 100, Green has assigned " vitamin in- 
dices " to certain cereal products. On this basis whole corn (maize) 
works out at about 160 to 180 — i. e., contains over 60 per cent more 
vitamin than is actually required in metabolism — and whole maize 
can therefore stand depletion of vitamin phosphorus pentoxide to the 
extent of about one-third before deficiency is likely to be manifested. 
The following vitamin indices represent determinations on an aver- 
age series of milling products to an estimated accuracy of about 10 
per cent cither way: 
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The actual value in any given case depends, of course, upon the 
mode of milling. The average fine meal is not deficient. The more 
highly milled high-class table products and breakfast foods are al- 
most invariably notably deficient, and their vitamin indices may vary 
from the border-line 100 down to 30. Since, however, these products 
are more expensive, and only used by white people living on a mixed 
diet, their low vitamin content is of minor importance. 

In order to obtain information regarding the relative amount of 
vitamin B contained in various plant tissues, Osborne and Mendel *^ 
fed rats upon a vitamin-free basal ration to which was added a 
weighed quantity of a dried preparation (1 gm.) of the material 
under investigation. The animals were normal in health and devel- 

" Osborne and Mendel. J. Biol. Chem. 30. 29, 1910; lb. 41, 451. 1920. 
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opment at the beginning of the experiment and observations were 
made as to whether the diet received was sufficient to maintain them 
satisfactorily and induce normal growth. As the daily allowance 
of B was ^ed, while the food intake varied with the individual and 
still more with the character of the plant product fed, the ratio of 
the latter to the total food eaten varied in general from 10 per cent 
of the food or less in the case of those growing best to 16 per cent 
in the case of those growing most poorly. 

Alfalfa and clover surpassed alt the other vegetable products tested 
in equal doses, 1 gm. daily as the sole source of B being much more 
efficient than as much as 16 c. c. of milk per day when given in addi- 
tion to the same basal ration. Several animals gained 175 gm- in 
eight weeks on this allowance, a growth equal to the best observed in 
their stock colony. Timothy hay gave gootl growth at first, but loss 
of weight resulted after two or three weeks. Hay made from imma- 
txire clover, timothy or alfalfa contains much more vitamin than does 
that from the mature plants, which suggests a possible advantage in 
substituting hay made from less mature plants than ordinarily used. 
Tomato is rich in the water-soluble vitamin, 1 gm. daily promoting 
good growth when the animals would eat that amount; even 02 gm. 
occasionally promoted limited growth, or at least maintenance. 
Spinach, cabbage, turnip and carrot were not unlike in their eflfect 
as a source of B, 1 gm. doses being no more efficient than 0.5 gm. of 
alfalfa and clover. 

In an earlier paper the same investigators "* reported that 10 per 
cent of dried spinach supplies somewhat less than enough of the 
water-soluble vitamin needed for normal growth; it is about one- 
quarter as efficient as dried yeast in this respect and twice as efficient 
as whole wheat, soy beans, dried eggs or milk solids. Fifteen per 
cent of dried cabbage affords somewhat less than the minimum of 
water-soluble vitamin needed for normal growth and is thus some- 
what less efficient than spinach. Beet root did not equal the other 
roots tested. The potato is as rich in the water-soluble vitamin as 
some of the roots tested but even 2 g. of peeled potato did not pro- 
mote growth at the normal rate during the entire eight weeks period. 
Dried potato peel is no richer in vitamin content than equal amounts 
of whoie potato. There is no noteworthy difference between new and 
old potatoes as regards water-soluble vitamin content. 

The bulb of the onion also contains considerable quantities of B. 
The variability in content of B shown by tissues of the same type is 
demonstrated by the observations of Steenbock and Gross ** that 

" Oaborne and Mendel, J. Biol. Cbem. 37. 187, 1019. 
^ Steenbock aad Cross, J. Biol. Chem. 40, 601, 1910. 



VITAL FACrOBS OP TOODB 



>Qi Bto pttmifL povth wmb fmniriied by U per eo* of obp- 
roty dadifffD, or nrfahagi, aad by a BomeviuU Ur«er qoantity of 
fweet poUtoee, but even 25 per cent of the ratkm in the form of 
•npir bed or mangel gave ao eridcDoe of foraMhiag this factor. 

Fnuta may aerve to provide a eertain amonot of B, though they 
cazuot be regarded aa rich in this factor. Oranges, lemoos^ gnpe- 
fniit, and pntnea are richer, gnqie-juice. apples and pean pooier is 
this retpeet.** The banana appeAra to be alzDost, if not cp Ur d y da- 
fiejeot in B.** 

Of the variouB anhnal producU cggB are quite satiafacioiy both 
for groirth and for protection against polyneuritis. Milk b not a 
good source of B, although differeot milks may vary, probably vary 
oonaiderably, according to the proportion of B present in the diets 
of the lactating animals." Beef muscle contains a comparatively 
amalJ quantity of B, which is readily extracted from it by water. 
Liver taaaue was found to be much richer, as were also the proteins 
of heart, kidney, and brain tissue," and the pancreatic gland.** 
Swot>oda,** who used the yeast test (see p. 35), reports that B is 
preaent in large quantities in most of the organs of internal secretion 
which arc of developmental importance, but that tissues high in 
nuclear material, such as th>^mus and lymph gland, are low in vita- 
min content. Fish muscle has no appreciable amount of B.*^ 

The accompanying table, showing the comparative relation between 
certain foodstuffs with regard to their content of antineuritic factor, 
waa compiled by the Medical Research Committee (London) and is 
baaed upon the observations of Chick and Hume and of Cooper.** 
Wheat germ waa taken as a standard and rated at 100. 

Subfltaaoe Value Substaace Value 

Eioe Qerm 200 

Wheat Genu 100 

LeotiU 80 

YoMt (preMed) OO 

Km yolk t 

Ox liver | 



Peaa 40 

Wheat Bran 25 

Beef muscle 11 

Potatoes O 
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" Olborne and Mendel, J. Biol. Cfaem. 42, 46A, 1920. 

" Suguira and Benedict, /&. 36, 171, 1918; Loeb and Northrop, lb. 27, 
300, 191A; Northrop, lb. 30, 181, 1917. 

" McCollum, Simmonds and Pitx, J. Biol. Chcm. 26, 3fi, 1916. See abo 
Olborne and Mendel. J. Biol. Cbem. 41, 616, 1920. 

•« Mendel auU Oabornc. Proc. Soc. Exp. Biol. Med. 15, 71, 1918; J. Biol. 
Chem, 32. 300, 1017; Ibid. 34, 17, 1918. 

•• Eddy. J. Biol. Chem. 27. 113, 1916. 

M> Swoboda, J. Biol. Chem. 44. 531, 1920. 

•i Drummond, J. Physiol. 62, 103. 1019. 

ii Cooper, 8p. Kept. 38, Med. Res. Com. 
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The value of fresh fruits and vegetables as antiscorbutlcB was 
known long before the r61e of the \'itamiii8 or even the existence of 
such factors was recognized. Lind in a treatise on scurvy published 
in London in the middle of the Eighteenth Century records the re- 
markable efficacy of orange and lemon juice in the treatment of this 
disease, and these fruits are still ranked among the most powerful 
antiscorbutics. Next to oranges and lemons he esteemed cider. 
Davis "• has investigated commercial pasteurized cider and finds it of 
some value although low in antiscorbutic content. Fresh lime juice 
seems to contain only about one-quarter as much C as lemon juice, 
and preserved lime juice none at all.** The popular impression that 
lime juice is potent in the prevention or cure of scurvy is due to a 
misapprehension, the " lime juice " which earned this reputation hav- 
ing been in fact lemon juice. When the juice of tlie lime was sub- 
stituted for this so-called " lime juice " in the stores issued to the 
navy cases of scurvy became frequent. Grape juice is said to be 
about one-tenth as efficient as orange juice •" and banana is effective 
if taken in rather large ivmountj'* but prunes seem to have no anti- 
scorbutic power." Tomatoes are most efficient sources of C. Hess " 
recommends them as even more serviceable than orange juice in in- 
fant feeding. The distribution of C in fruits seems therefore to be 
most unequal. 

Dry cereal grains and seeds have always been regarded as free 
from the vitamin C, and rations made up of such components have 
been used repeatedly to induce scurvy in guinea pigs. Davis has 
made certain observations which seem to indicate that a dry seed 
ration may actually confer some protection against scurvy. This 
ration consisted of Kaffir conii split peas, barley, corn, oats and hay. 
On this diet, rabbits continued in good condition for 300 days, when 
th experiment was discontinued. Although twelve litters were bom 
only one litter of five and three young out of five of another were 
reared. The same ration delayed the onset of scurvy in guinea pigs 
about 20 days. This appears to be the first report of protection by 
dry seeds. With five grams of raw dried beans, four guinea pigs re- 
ceived slight protection against scurvy. 

The fact that the antiscorbutic factor in seeds is much increased 
when the seed germinates was observed by Furst *• and has since 

M Davis, private com muni cation. 

M Chick, Hume and Skelton, Lancet, 1918, ii., 73S. 

•» Chick and Rhodes, Lancet, 1918, ii^ 774. 

" Lewis, J. Biol. Chcm. 40, 91, 1919. 

OT Hess and Unger, J, Biol. Chem. 435, 479, 1918. 

M Hess, N. Y. State Jour. Med. 20, 209, 1920; J. Am. Med. Aa&. 75, 568. 

•9 Porst, Norsk, Mag. Lager. 1912, 1; Zeit, Hyg. Infek. 72, 121, 1912. 
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' been confirmed by many observers. Chick and Delf " report that 
the antiscorbutic value of these seeds (dried peas and lentils) after 
soaking in water for 24 hours and gcnninating for 48 hours at room 
temperature is five to six fold that of the dry seeds; while inferior 
to that of orange and lemon juice, cabbages, or swedes, it is equal 
to that of many other vegetables such as green beans or potatoes, 
and superior to that of carrot or beetroot. That the content of C in 
dried beans is notably increased on germination is indicated by 
Wiltshire's observation that germinated beans are more effective 
than lemon juice as antiscorbutic water ^^ although certain observers 
have reported these less satisfactory' than other germinated seeds." 

Weill* Mouriquand, and Peronne '^ question the efficacy of 
sprouted cereals as antiscorbutics, but their evidence is not very con- 
vincing in view of the well attested success which has accompanied 
the administration of sprouted seeds in cases of scurvy. 

Dyke " states that beer made from germinated grain is antiscor- 
butic, a statement which accords with the belief of the early explorers 
who used malt or spruce beer or sweetwort (an infusion prepared by 
pouring boiling water over malt and letting it stand for three or four 
hours and then using at once) as antiscorbutics. Sweetwort is de- 
scribed in Cook's " Voyages " as one of the best of antiscorbutic sea 
medicines known, if used in time. The '' high-dried kilned malt " 
used by modern brewers appears to have little, if any, antiscorbutic 
property.'" Dyke reports the results of an inquiry into the cause of 
an outbreak of scurvy among a Kaffir battalion in France. The diet 
of this community was arranged so as to reproduce as nearly as pos- 
sible that of the native kraals, including the provision of a native 
beer brewed from millet, of which large quantities are regularly con- 
sumed in Africa. An outbreak of scurvy occurred although this is 
unknown among the Kaffirs under ordinary conditions. Inquiry 
brought out the fact that the native beer was always brewed from 
germinated grain, but that in France the germination had been 
omitted. 

The common vegetables show very considerable variation in their 
content of C. Davis found great variation even among different lota 
of fresh string beans. A litter of three guinea pigs were successfully 

fo Chick and Delf. Bioch. J. 13, 199, 1919. 
" Wiltshire, Lancet, 191S, 11, 811. 
" Comvie, Edin. Med. J. 1920, 207; Stevenson, J. Roy. Army Med. Corpa, 
35, 218, 1920. 

's Weill, Mouriquand and Peronnet, C. r. Soc. de. Biol. 81, June 8, 1918. 
" Dyke, Lancet, 1918, ii, 513. 
» Smith. Lancet, 1917, ii, 813. 
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reared on a ration containing 30 granis per day; 15 grams per day 
of canned string beans delayed, but did not prevent the onset of 
scurvy. Campbell and Chick obtained no protection with guinea pigs 
on a diet containing 5 g. per day of raw string beans." 

The leafy vegetables have considerable protective power, fresh 
cabbage being pre-eminent in this respect. Davis found that 7 g. per 
day represented the minimum ration of cabbage necessary to keep 
guinea pigs in satisfactory condition. When reduced to 5 g. per day 
they lost weight. Chick and Rhodes " reported that as little as 
2 g. per day prevented the onset of guinea pig scurvy. 

Canned spinach was also found to give very different results when 
different lots were compared. Of four lots examined two were satis- 
factory and two were unsatisfactory as a source of C" 

Of the root vegetables, the swede (yellow turnip) appears to be 
equal if not superior to all other sources of C. Chick and Rhodes " 
found that only 2.5 c. c. per day of the raw swede juice was required 
to afiford complete protection against scurvy to guinea pigs; 20 
c. c. of carrot juice was required to give the same degree of protec- 
tion, and beetroot was less effective than carrot. 

Potatoes, raw or boiled, may serve as an effective antiscorbutic, 
10 g. raw *° or 20 g. cooked for one-half hour at 100 " giving com- 
plete protection to guinea pigs. Report 38 of the Medical Research 
Committee says: " 

Among roots and tubers the potato easily takes the first place in practical 
importaoce, not »o much because of its intrinsic value, but because owing to 
its abundance, cheapness, and general acceptability large quantities are regu- 
larly consumed. There is no doubt that in northern climates the potato ia of 
the utmost value in preventing scurvy during the winter and spring. Epidemics 
of scurvy have repeatedly followed failure of the potato han-est, e. g. in Nor- 
way in 1904, Ireland in 1847. The outbreaks of scurvy reported in GJaagow, 
Manchester and Newcastle in the spring of 1017 are doubtless to be attributed 
to the great scarcity of potatoes at that period. 

The Report goes on to say: 

Onions take a position between the more and the less potent vegetables 
They possess a ^>eciaJ importance, however, owing to the ease with which they 
can be transported, and are much appreciated whether raw or cooked by reason 

^* CampbeU and Chick, Lancet, 1918, ii, 321. 

" Chick and Rhodes, Lane, ii, 774. 

'« Davis, private communication. 

*' Chick and Rhodes, Lancet, 1918, ii, 774. 

« Chick, Hume and Skclton, Lancet, 1919, ii, 774. 

"■ Givens and McClugage, J. Biol. Chem. 42, 491, 1020. 

" Med. Res. Com. (London) Report 38, p. 60. 
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and Stefanson " states that fresh meat in large quantities prevented 
and cured scurvy in his Arctic expeditions. Many additional casefl 
drawn from the experience of explorers and pioneers are quoted in 
Report 38 of the Medical Research Conmiittee." This Report draws 
the conclusion that scurvy can be prevented by the use of fresh meat 
alone if the ration is large. " The history of Arctic experience is full 
of such cases. Dr. Rae, surgeon to the Hudson Bay Company, in 
his evidence to the Scurvy Commissioners of 1876, stated that among 
the inhabitants of that district 3cur\'y was almost unknown. The 
people subsisted almost entirely on meat, but the amount consumed 
was upon the following scale: Eight pounds fresh venison daily per 
man, four pounds per woman, two pounds per child. 

" Nansen and Johansen, after leaving the Fram, spent two moDths, 
including the winter of 1895-6, on Frederick Jackson Island in a 
rudely constructed hut They remained in good health and free from 
scurvy although obtaining no lime juice and no fresh vegetables and 
subsisting mainly on fresh walrus and bear meat preserved by cold. 

** Jackson and Harley describe an interesting incident at Kharbo- 
rova, Yugor Straita, where six Russian priests arrived in the autumn, 
attended by a small Russian boy. The priests by their religious vows 
were prevented from eating the fresh meat available; they subsisted 
on salt fish and there were no vegetables. In the following May the 
little boy was found to be the only surviving member of the party, 
and had buried all bis late masters in the snow. He suffered from 
no religious prohibitions and had fed largely on reindeer meat 
through the winter. A further instance is provided in the experience 
of Scott's first expedition •' where an outbreak of scxirvy was cured 
by the inclusion in the dietary of large quantities of fresh seal meat 

" From Colonel Hehir's report on the medical history of the siege 
of Kut it is clear that in this case also British soldiers were protected 
from Bcur\'y by their regular ration of meat or horse flesh, but the 
amounts they consimied were considerable, 8 to 20 oz. daily. The 
Indian troops in Kut, on the other hand, who were vegetarians, suf- 
fered severely from scurvy. 

" Tinned and preserved meats can be dismissed in a word, as not 
offering any suitable protection from scurvy. Meat in its fresh con- 
dition contains the anti-scurvy factor in comparatively low concen- 
tration, and after exposure to the temperature necessary for sterilisa- 
tion it is scarcely possible that any significant anti-scurvy properties 
riunild be retained. 

n SteEaaMo, J. Am. Med. Am. 71. 1715, I9I8. 

•> Med. Res. Com. London, BpaoMX Repott 38, p. 63. 

•> ' Vosnce ol t^ DiMonqr * « 
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" The value of frozen meat is probably intermediate between that 
of fresh meat and tinned meat and, in any case, is likely to be low^ 
especially if it has been for a long period in the frozen condition." 

Wiltshire ** found that of 132 cases of scurvy whose previoua 
diet was investigated, all had received a ration of frozen fresh meat 
practically every day, and of 175 otlier cases very few had received 
it less than three times a week. In the case of tinned meat the vita- 
min seems to be completely destroyed by the temperature needed for 
canning. 

Similar results were noted by Comrie.*" Chick, Hume and Skel- 
ton •* could detect very little beneficial effect when meat juice was 
fed to guinea pigs, although 20 cc. per day gave slight protection in 
some cases. Dutcher, Pierson and Biester *^ found that the addi- 
tion of water extracts of raw lean beef (equivalent to 5, 10, 15 or 20 
grams of beef) had no effect on the time of onset of sciirvy or on the 
length of life of the animals. That the beef extract contained no 
deleterious ingredients was shown by the fact that when orange juice 
was added to the diet in addition to the beef juice, there was no 
scurvy and the animals were maintained in excellent condition. 

Hughes, Payne and Fox have carried on experiments which tend 
to show that hens supplied with food having a low vitamin content 
will produce eggs similarly low in vitamins. They further observe 
that eggs from hens receiving a feed ha%ang a low ^ntamin content 
yield a smaller proportion of strong, vigorous chicks than eggs from 
hens receiving a feed well supplied with vitamins." 

" Wiltshire, Lancet 1918, ii, 811. 

»» Comrie, Ediu, Med. J. 24, 207, 1920. 

'« Chick, Hume and Skelton. Bioch. J. 1918, 12, 131; Lane. 1019, ii. 322. 

" Dutcher, Pierson and Biester, J. Btol. Chcm. 42, 301, 1920. 

»» Am. Food. Jour., Oct. 1921. 



CHAPTER V 

THE STABILITY OF THE VITAMINS WITH REGARD TO CONDITIONS 
OP BATING, DRYING, AND STORING. 

The effect of heating, drying, and storing upon vitamins is of 
serious import in connection with the methods used in preparing 
foods. It is generally conceded that fresh foods are more valuable 
than those which have been preserved, and that a diet should if pos- 
sible include a certain amount of uncooked food, but the basis for 
this belief must be investigated. 

The vitamins, which are known to be highly sensitive to reagents, 
are the constituents of foods which would seem most likely to undergo 
undesirable alteration during heating and drying. Unfortunately 
here, as in many other questions connected with the vitamins, authori- 
ties are by no means agreed.* 

Chick and Hume and Davis have referred to the unsatisfactory 
character of much of the data given in the literature.^* Chick and 
Hume in experiments on the effect of temperature on vitamins note 
that the temperatures given are usually those registered by the auto- 
clave or steamer used, no measurement being made in the interior 
of the substance heated. This is an important point, as tlie latter 
temperature remains for a surprisingly long time far below the former, 
especially if the material investigated has a low conductivity, which 
is true of most foodstuffs, particularly if fairly dry. Davis remarks 
that for comparative purposes with cooked food it is important to 
know how it was cooked, how long, the state of division, the amoimt 
cooked at a time, the amount of water used if boiled, the temperature 
if baked, and the inten'al between cooking and consumption. The 
data concerning commercial preserved food is interesting from an 
economic standpoint but is of little scientific value smce the condi- 
tions under which is was prepared are not accurately known. 

^ A summary of the factors influencing the vitamizi content of foods is given 
by Dutcber (J. Ind. Eng. Cbem. 1021, 1103). 

^ Chick and Hmne, Proo. Roy. Soo. (London) 90 6, 60. Davis, J. Home 
Econ. 12, 208, 1920. 



06 



VITAL FACTORS OF FOODS 



Vitamin A was reported by the earlier investigators as very stable 
to heat. McCollum and Davis * found it present in the ether ex- 
tract of boiled egg yolks. Osborne and Mendel ' stated that pass- 
ing live steam through butter-fat for two and a half hours or longer 
did not destroy its nutritive efficiency, and McCollum* supported 
their evidence by the statement that the A in butter-fat was not 
destroyed by heating to 100° for over an hour. A curious fact was 
noted by Osborne and Mendel • when they separated butter-fat into 
a high and a low melting portion by fractional crystallization from 
alcohol. In the butter '* oil " in which vitamin A is more concen- 
trated, deterioration occurs on keeping, even in absence of light, to 
such an extent that within a year the potency is almost completely 
lost, while some of the same lot of butter-fat from which this oil 
had been prepared was still effective. 

Drummond " found that low grade whale and cod liver oil which 
had been prepared by steam digestion of the tissues were still rich in 
A and concluded that the vitamin was therefore thcrmo-stable. In 
a later experiment he used a high grade whale oil which had been 
treated with soda to remove the free fatty acids, and subsequently 
clarified with fuller's earth. It was rich in A as demonstrated by 
experiments with rats, while a similar sample hardened by the usual 
process, involving exposure to hydrogen gas at 250° C. for 4 to 6 
hours was found entirely deficient in A. In order to test whether 
destruction is brought about by reduction of some unsaturated sub- 
stance or simply by high temperature the oil was heated to 250° C. 
for four hours. It proved destitute of A after this treatment. Next, 
samples of whale oil were heated te 100° and 160° for four hours 
respectively. In both cases destruction of A was almost complete. 
Eventually he concluded that the vitamin in both butter-fat and 
whale oil ' was readily destroyed by short exposure (one hour) to 
100*. Destruction occurs, but is less rapid, when exposed to temper- 
atures ranging from 50 to 100°. Exposure of oil to a temperature 
of 37° for several weeks may cause destruction of A if contact with 
air or oxygen is extensive. 

Commenting on these results, Osborne and Mendel " remark: 

' McCoUura anil Davis, Proc. Soc. Exp. Biol. Med. 11, 101, 1919. 
■ Osborne and Mendel. J. Biol. Chem. 20. 381, 1915. 

• McCollum, Am. J. Publ. Health 8, 191, 1918. 

• Otborne and Mendel, J. Biol. Cbem. 24, 37, 1916. 

• Drummond, J. Phyeiol. 52, 95, 1918-19. 
'f Drximmond. Bioch. J. 13, 81, 1919; Drummond and Coward, lb. 14, 734, 

1920. 

> Osborne and Mendel, J. Biol. Chem. 41, 567, 1920. 
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In. considering Drummond'B experiments one is struck by the fact that 
even with six per cent of unhealed butter-fat in the diet hia control rat« grew 
at much leas thaji the normal rate. This is contrary to the experience of sev- 
eral investigators, including ourselves, and raises a question as to the value of 
the untreated butter-fat or the food intake of the aoimals used by him. At 
any rate the reason for tiie discrepancies between us is not apparent. 

In confinnation of their earlier experiments they heated dry butter- 
fat in an air bath at 96° for 15 hours without destroying sufficient A 
(if any) to render the butter-fat noticeably less efficient. They point 
out, however, that their butter-fat was fed in amounts which were 
probably well above the minimum and that a certain amount of de- 
struction might therefore have escaped detection. 

Steenbock, Boutwell and Kent • found that 12 per cent of butter- 
fat which had been heated to 100° for four hours was less eflScient 
for the nutrition of rats than 5 per cent unlieatcd butter-fat incorpo- 
rated into a similar basal ration. It is to be noted that their experi- 
ments showed a very considerable variation in different butter-fate 
which had been subjected to the minimum heat necessary for 
separation of the fat. While 5 per cent in the diet was usually suf- 
ficient as a source of A there were numerous instances in which this 
amount proved unsatisfactory. 

Recent experiments of Hopkins*** appear to demonstrate conclu- 
sively that the discrepancies in tlie results of different observers are 
due to different degrees of aeration while heating. This hypothesis 
finds confinnation also in the work of Drummond and Coward (1. c). 

Zilva ^^ has observed that ultraviolet rays have a destructive effect 
upon the vitamin A in butter-fat. Butter and cod liver oil exposed 
for 8 hours to ultraviolet light undergoes a very noticeable change and 
the A in it becomes inactivated. That the slight elevation of temper- 
ature is not responsible for this is seen from the fact that addition of 
butter kept for 6 hours at 35° at once induces growth. On the other 
hand, the experimental evidence indicates clearly that the inactiva- 
tion is due to the ozone formed by the action of the ultraviolet rays 
upon the ox>'gen of the air. Zilva suggests that the same effect 
would probably be brought about in exposing milk to ultraviolet rays, 
a point which is worthy of consideration inasmuch as this method has 
been proposed for sterilizing milk. 

Animal tissues (the brain, heart and liver of the pig) which had 
been dried at 90° were found by Osborne and Mendel" to retain 

» Stcenbock. Boutwell and Kent. X Biol. Chem. 35, 517. 1918. 
" Hopkins, Biochcm. J. 14, 724. 1920. 
" Zilva, Bioch. J. 13, 165, 1919; 14, 740. 1920. 
u Osborne and Iflendel, J. Biol. Chem. 34. 17, 1918. 
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a considerable amount of A, but these materiala were fed at a high 
level BO that a small amount of destruction would not necessarily 
have been detected. 

Steam-treated palm kernel oil is recommended as a control fat by 
Stammers.** By passing steam through this oil for three or four hours 
at a temperature of 230"^ to 260° C. the oil is rendered quite free from 
vitamin A. 

Steenbock and Boutwell ^* foimd A as it occurs in a grain, in 
leaf and stem tissue, in fleshy roots, and in a cucurbitous vegetable 
like squash, to be comparatively stable at high temperature. Treat- 
ment consisting of autoclaving for three hours at 15 pounds pressure 
(120° C.) does not destroy any of the A in yellow corn, nor does it 
cause any noticeable destruction of the A in chard, carrots, sweet 
potatoes, or squash as demonstrated when these vegetables were fed 
in amounts varying from 5 to 15 per cent of the ration. If some de- 
struction occurred it was not detected, but with the amount fed the 
investigators believe that it could not have occurred to any consider- 
able degree, otherwise normal growth or long continued growth with 
reproduction would not have been possible. In the case of alfalfa 
the data was not decisive, but it appears that the destruction, if any, 
was too little to induce deficiency in the ration. No deleterious action 
of the ensiling process on A could be demonstrated in a short-time 
experiment.'** 

Sure, Barnett and Read " report that the vitamin A present in 
the Georgian velvet bean is stable after autoclaving for one hour at 
15 pounds pressure. 

With regard to the heat stability of the A present in green cabbage 
leaves, Delf ^* reported that heating for a half hour at temperatures 
from 100 to 120° caused slight though perceptible deterioration. After 
heating at 130° for two hours, however, a serious amount of destruc- 
tion had taken place. Delf and Skclton " estimated that 86 per 
cent of the A in cabbage was lost when the cabbage was dried at a 
low temperature and stored for two weeks. Osborne and Mendel '• 

^> Stammers, Biochem. J. 15, 489, 1021. 

" Steenbock and Boutwell, J. Biol. Chem. 41, 163, 1920. 

Ha Fat-8olub!e A is not destroyed, according to Steenbock, Sell and Buell, 
by treatment in the proportioa of 1 gm. of fat to 2 0. c. of 20% alcoholic potash 
at 37* C. for 4 hours and for 30 minutes at the boLLing temperature. (Steen- 
bock, Sell and Buell, J. Biol. Chem. 47. S9, 1921). 

1" Sure» Baraett and Read, Proo. Soc. Biol. Chem. J. Biol. Chem. 46, li, 
1921. 

i« Delf, Bioch. J. 12, 416, 191S. 

IT Delf and Skelton, Bioch. J. 12, 448, 1918. 

!■ Oftbome and Hendel, J. Biol. Chem. 41, 657, 1920. 
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Fig. 4. — The reaut&noe of the fa.t-eoIubEe vitaniia to destruction by 
saponiiicatioQ of the fats in cod liver oil and butter-fat ia indicated 
by the above ciirvca showing the prompt recovery of growth in rats 
when an ether extract of a solution of the soaps was added to the basal 
ratiooB. 

Courtesy of Prof. H. Stcenbock, M. T. Sell, M. V. Buell and Journal 
of Biological Chemistry (47, 109, 1921). 

del" with rata on a diet including only 0.1 g. of tomato which had 
been dried at 60° aa the sole source of A. McCollura*' discounte 
the effect of heat on this vitamin entirely, asserting that there is not 
the slighteat danger of destroying the growUi-promoting substances 
in fruits and vegetables by the ordinary canning processes. Campbell 

i» Osborne and Mendel, J. Biol. Chem. 41, 549, 1930. 
" McCoUum, Am. J. Pub. Health. 8. 191, 1918. 
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and Chick have reported,** however, that canned " green-leaf vege- 
tables " are lacking in A unless the liquor is included in the portion 
eaten. 

As a result of his earlier work, Dnimmond was of the opinion that 
the destruction of A at high temperatures could be neither an oxida- 
tion nor a hydrolytic process. Later evidence, however, led him to 
agree with Hopkins'* that this is an oxidation process." On the 
other hand, Steenbock, Sell, Nelson, and Buell ** have recently re- 
ported that the extract of A obtained from alfalfa is not destroyed 
by oxidation with hydrogen peroxide or by reduction with nascent 
hydrogen. 

Commenting on the lack of uniformity in the observations reported 
from different sources, Steenbock and Boutwell " conclude that the 
data of the different investigators in this 5eld are substantially true 
to fact and that the variance of opinion is due to a failure to appre- 
ciate that the reaction of destruction may be one of low velocity 
impeded or accelerated by secondary factors. For example, in a 
ration containing twice as much vitamin as ncccssarj' for normal 
growth no evidence of its destruction would of course be obtained 
even though one-half of the amount present might have been de- 
stroyed by the treatment. In addition, there is no doubt, according 
to Steenbock and Boutwell, that there obtains a great difference in 
the stability of the vitamin as found in different materials. 



The antineuritic vitamin appears to be somewhat less stable than 
the vitamin A. Its presence in dry grains and other dried foodstuffs 
shows that it can withstand desiccation, and there is much evidence 
to indicate that heating at the temperature and for the length of 
time ordinarily employed in the cooking of food produces compara- 
tively little if any destruction of the antineuritic properties, but at 
temperatures above 100° C. the rate of destruction appears to increase! 
rapidly. Observations to this effect were recorded by some of the 
earlier observers, although their experiments were not carried on 
quantitatively. Grijns " showed that one-half hour's exposure toj 
120° C. destroyed the antineuritic power of unmilled rice and " Kafc-j 
jang idjo" beans. Eijkman^' found that seeds which had beeaj 

» Campbell and Chick, Lftncet 1919, ii, 320. 
«» Hopkina, Brit. Med. J. 1919, ii, 147. 
" Drummoad and Coward, Biochem. J. 14, 661, 1920. 
» Steenbock, Sell, Nelson, and Baell, Proc. Soo. Biol. Chem. J. BioL] 
Chem. 46, XXXII. 1921. 

'* Steenbock and Boutwell, J. Biol. Chem. 41, 164, 1920. 
*• Grijns, Geneesk, T>dschrift. r. Ned. Ind. 1901. 
" Eijkmazi. Arch. f. Hyg. £8, 160, 1906. 
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heated from 115 to 135° for two hours had little protective action 
against polyneuritis. Hoist " reported that dried peas and unpeeled 
barley did not lose their antineuritic power on heating to 115** for 
half an hour. Weill and Mouriquand'* found that barley, rice 
and maize which had been heated for an hour and a half at 120° no 
longer possessed any antineuritic property, and Enunett and Luros ** 
report that while heating for 120° for one hour had no effect on the 
antineuritic power of umnilled rice it was partly destroyed at the end 
of two hours and completely destroyed in six hours, and that the 
vitamin was still less stable to heat after it had been extracted from 
its natural source. Curiously, rice which has completely lost its anti- 
neuritic power was still able to promote the growth of young rats. 
Braddon " states that persons eating parboiled rice did not contract 
beriberi provided the pericarp had not been removed by one boiling. 

In a carefully conducted experiment by Chick and Hume " the 
antineuritic property of wheat embryo as tested by its curative effect 
on polyneuritic pigeons was unaffected by heating to 100° C. for two 
hours; after 40 minutes at 113° its curative effect was reduced by 
one-half, and after two hoxirs at 118° to 124° the antineuritic activity 
was less than one-fourth that of untreated material. 

McCollum and Davis " reported that heating to 120** for one 
hour did not injure the growth-promoting properties of wheat em- 
br>'o, but their results are open to the criticism that the wheat embryo 
was fed at too high a level (13 per cent of the diet) to show whether 
partial destruction had taken place, since they themselves had found 
that two per cent of unhealed wheat embryo was sufficient to induce 
normal growth. McCollum, Simmonds, and Parsons ** found that 
peas which had been cooked under 15 pounds pressure for an hour 
and a quarter and then dried in a current of hot air when fed to the 
extent of 25 per cent of the diet provided enough B to enable young 
rats to grow at nonnal rate to full adult sise, but here again the 
amount fed was probably far above the minimum and considerable 
destruction may have escaped notice. 

Miller." using the Williams yeast teat for B, calculated that by 
boiling na\'y beans for 30 minutes at 120° a loss of 40.6 per cent of 

" Hoist, J. Hyg. 7. 619, 1907. 

" WeUl and Mouriquand, C. r. soc. biol. 78, 649; 81, 432, 1918. 

» Bmmett and Luros, J. Biol. Chem. 43, 266, 1920. 

■> Braddon. "The Cauwe and Prevention of Beriberi." London, 1907. 

" Chick and Hurae, Proc. Roy. Soc. 90 B, 66. 

" McCollum and Davis, J. Biol. Chem. 23, 191, 247, 1915. 

** McCollum, SimzDonds and Parsons. J. Biol. Chem. 37. 287. 1910. 

'• MUler, J. Biol. Chem. 44, 159, 1920. 
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the growth-promoting power was brought about and that practically 
the same loss (37.5 per cent) was brought about by boiling in 0^ per 
cent sodium bicarbonate solution for one hoiir and ten minutes. 
Davis '" found that seeds suffered a complete loss of B on beating for 
two and a half hours to 120° C, although at the end of 35 minutes 
at this temperature there was sufficient vitamin left to keep pigeons 
in good condition for 280 days. 

It seems clear, therefore, that so far as grains and pulses (peas 
and beans) are concerned the B vitamin is unquestionably destroyed 
by heating to 115^ to 120° for one to two hours, while deterioration 
is much slower at 100° and may therefore be inconsiderable in the 
course of ordinary cooking. 

Yeast is affected in much the same way, a temperature of 120^ 
bringing about complete destruction of the vitamin content in two 
hours, while 100° seems to be ineffective." The yeast vitamin seems 
to be less stable when separated from the yeast plant than when in 
gitu, since Myers and Vocgtlin " found that the active precipitate 
from autolyzed yeast becomes inactive on drying at room tempera- 
ture. In this connection it may be noted that Brill found the vita- 
min content of hydrolyzed extract of rice polishings to deteriorate 
somewhat with age.'" 

KaxT " states that drying at 100° C. does not affect the antineuritic 
efiBciency of yeast, tomatoes or milk, but autoclaving at 120° C. for 
three to four hours leads to some destruction. 

Miller (loc. cit.) found that carrots when tested by the Willtami 
method had apparently suffered no loss of B when heated to 115** for 
45 minutes. Whipple/*^ using a modification of the same method, 
reported that cabbage had lost some but not all of its B on boiling 
for 30 to 60 minutes at 100° C. Davis •« states that while eight 
grams of raw potato supplies sufficient antineuritic to keep pigeons 
in good condition for 590 days an equal amount of either boiled or 
baked potato failed to give complete protection. Two grams of com- 
mercial dried potato gave no protection, but four grams had some 
protective power; though the experiment was not carried to its con* J 
elusion. 

" Davii, J. Home Ec. 12, 209, 1920. 

" Chick and Hume. J. Roy. Med. Corps, 30, 121, 1917; Emmett &ndj 
Lores. Proc. 8oc. Biol. Cbem. J. Biol. Cbem. 41, vii, 1920. 
" Myers and Vocgtlin, J. Biol. Chem. 42, 199, 1920. 
»» BriU, PhiL J. Sci. 12, 199, 1917. 
« Karr. J. Biol. Chem. 44, 255, 1921. 
" Whipple, J. Biol. Chem. 44, 175, 1920. 
«s DaviB, J. Home Ec. 12, 209, 1920. 
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With regard to the antineuritic vitamin found in animal products, 
Grijns** not^d that exposure for one-half hour to 120° C. destroyed 
the antinueritic factor of buffalo meat, and Hoist " found some loss 
of antineuritic power in beef after heating to 110° C. for half an 
hour. The destruction was more marked after exposure to 120** C. 
for an hoiu*. Schaumann *' induced polyneuritis in dogs by a diet 
of horse flesh heated from one to three hours at 120* to 130* C, but 
Eijkman'* did not succeed in destro>'ing the antineuritic power of 
horse flesh by heating to 120** C. for two hours. 

According to Weill, Mouriquand and Michel*' while an exclusive 
diet of raw, frozen or salted meat failed to produce nervous disorders 
due to nutritional deficiency, cats which had been given an exclusive 
diet of cooked meat succumbed with symptoms of inanition. Steril- 
ized meat caused the appearance of nervous disorders after 35 to 39 
days. Aging of the sterilized meat appeared to reduce the time 
required for such manifestations. Meat which had been sterilized 
and then kept 14 months caused nervous manifestations due to nutri- 
tional deficiency after 25 to 35 days. The symptoms were similar to, 
if not identical with, those produced in pigeons by feeding decorticated 
cereals. 

Milk, at best, is not rich in the antineuritic factor and prolonged 
heating probably has a deleterious effect upon it. Stepp " suggested 
that the nutritive value of milk was somewhat lessened by boiling as 
it was necessary to use rather more boiled milk than raw to supple- 
ment a diet of bread which had been extracted with alcohol, but it is 
open to question whether this is due to destruction of the vitamin 
or to some other effect.** McCollum and Davis" found that whey 
from which the casein and albimiin have been removed still possesses 
growth-promoting properties after heating to 120° for six hours, and 
would induce normal growtli when fed at high level, and Osborne 
and Mendel "* were led to conclude from their own observations that: 
" We have no reason to believe that the nutrition-promoting proper- 
ties of milk are lost by brief periods of heating." That prolonged 

*' Grijna. Geneesk, Tidjscbrift v. Ned. Int. 1901. 
" Hoist, J. Hyg. 7, 619, 1907. 

" Scnaumann, Arch. f. Schiffa. Trop. Hyg. Beihefte 3. M, 1910. 
" Eljkman, Arch. f. Hyg. 58, 150, 1906. 

«' Weill, Mouriquand and Michel, Compt. rend. soo. bioL 79. 189, 1910. 
*• Stepp. Ztecb. Biol. 1911, 57, 135. 
*• See Ch. 

»•> McCoUum and Davis, J. Biol. Cbem. 23, 247. 1915-16; Funk and Ma- 
callum. J. Biol. Chcm. 27. 51, 1916; Emmett and Luroa, lb. 38, 257. 1919. 
•^ Oaborne and Uenda, J. Biol. Chem. 34, 541, 1918. 
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heating at a high temperature may, however, cause serious deteriora- 
tion of milk with respect to its antineuritic power is suggested by the 
work of Emmett and Luros " who separated the vitamin from 
protein-free milk with fuller's earth " and used this in the treatment 
of pol3rneuritic pigeons. While 0.6 g. of the unheatcd material was 
unfailingly successful in promoting a cxirc, an equal amoimt of ma- 
terial which had been heated for six hours at 120** C. had no notice- 
Able effect. 

According to Chick and Hume ^* little antineuritic factor is likely 
to be present in canned and sterilized foods. Daniels and McClurg " 
disputed this on the evidence of their experiments in which normal 
growth was secured with young rate on a diet in which the only source 
of B was in the form of vegetables (soy or navy beans or cabbage) 
which had been cooked in a pressure cooker at 120° C. for 20 min- 
utea, boiled in distilled water for 45 minutes, or boiled in a dilute 
alkali for 30 minutes. The various methods of treatment are said 
not to have appreciably affected the vitamin content. Tlieir results 
are vitiated, however, by the fact that the heated vegetables were 
fed in large excess, the equivalents of 50 g. navy beans, 55 g. of soy 
beans, or 250 g. of cabbage for every 100 g. of dry food. McCoUum* 
Sinunonds and Pita *" found 25 g. of navy beans per 100 g. of dry 
food sufficient to supply the vitamin needed for normal growth, so 
the vitamin content of the vegetables might have been reduced by 
one-half in the above experiments without detection. 

The effect of radium emanation on the \ntamin B in yeast has been 
studied by Funk " and by Suguira and Benedict. '• Funk reported 
no loss of activity iu the yeast extract with regard to either anti- 
neuritic or growth-promoting effect, after exposure to radium, but 
Suguira and Benedict disagree with him concerning the growth- 
promoting power, claiming that this factor may be partially inacti- 
vated by exposure to radiiun emanation. The reason for this dis- 
crepancy is not apparent. 

The antiscorbutic factor is the most sensitive of tl)e three vitamins 
to heat and drying. The failure of dried vegetables and herbs and 
preserved meats and fish to prevent or cure outbreaks of scurvy has 

** Emmett and Luros, J. Biol. Chem. 43, 265, 1920. 

" Seidell. Bull. Hyg. Lab. U. S. P. H. Ifll6. 31, 3W. 

" Chick and Hume, J. Roy. Med. Corps, 29, 121, 1917. 

»» Daniels and McCIurg, J. Biol. Chem. 37, 201, 1919. 

w McCoUum. Simmonds and Pitz, J. Biol. Chem. 29, 521, 1916. 

»' Funk, Proc. Soo. Exp. Biol. Med. 14, 9, 1916. 

»• Suguira and Benedict. J. Biol. Chem. 39, 421, 1919. 
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)eeii demonstrated repeatedly in the naval history of every country." 
Stefanson "^ has asserted on the basis of his Arctic experience that 
the antiscorbutic properties of fresh foods are diminished or entirely 
lost in the course of any of the ordinary methods of preservation, 
canning, pickling, drying, etc- Chick and Hume '^ assert that all 
dried foodstuffs, including desiccated vegetables examined by them, 
are more or less deficient in antiscorbutic vitamin. At first they 
thouglit the temperature at which the tissues were dried seemingly 
•was a matter of indifference, but later work indicates this statement 
to be too sweeping. 

The partial or complete loss of C during heating has been recorded 
by many observers working with many difi'erent foodstiiffs. Cab- 
bage, which is rich in C in the raw state, has been a favorite subject 
for experimentation. Campbell and Chick •' found that heating in 
water for about one hour at 90° to 100° C. caused a loss of about 
70 per cent of the antiscorbutic power of cabbage, and state that 
further loss may be expected to take place if the canned material ia 
stored for any length of time before feeding. Delf "' estimates that 
about 70 per cent of the original value of cabbage is lost after one 
hour's heating to 60° C, and over 90 per cent after the same period 
at 90° C. Twenty minutes heating at 90** to 100° C appears to have 
practically the same effect as heating for an hour at 60° C. In these 
experiments a small amount of cabbage was added to a diet of grain 
and autoclaved milk which had been found to produce scurvy when 
fed alone. When the autoclaved milk was omitted and the cabbage ra- 
tion was increased to from 15 to 30 g. the destructive effect of heat waa 
less noticeable, even when the cabbage was heated to 100° to 130° C 
for one to two hours. Delf suggci^ts that this may be due to the fact 
that in the later experiments with the larger ration both A and C 
were drawn from the same source. Much evidence has been accum- 
ulated by the group of workers at the Lister Institute of Preventive 
Medicine, London, pointing to a distinct and separate action of thede 
two factors in the nutrition of young guinea pigs. Toztr has, how- 
ever, foxmd that a lack of growth fat-soluble factor in the diet ia 
accompanied by a series of changes in the histology of the rib- 
junction which is almost indistinguishable from that caused by a 
slight deficiency of antiscorbutic factor. It is therefore not impos- 



" See Ch. XH. 

» Stefanson, Jour. Am. Med. Am. 71. 1715. 1918. 

" Chick and Hume, Tr. 8oc. Trap. Med. Hyg. 10. 141, 1917. 

«a Campbell and Chick, Lancet, 1919, ii. 320. 

" Delf, Bioch. J. 12, 416, 191S. 
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Bible that the antiscorbutic value of a diet may be enhanced and may 
show greater heat stability when the antiscorbutic factor and the 
growth fat-soluble factor are derived from the same foodstuffs. 

Hoist and Prolich*^ found that freshly expressed cabbage juice 
lost its antiscorbutic power after heating from 60** to 100° C. for ten 
minutes. The destruction was not so complete if the juice was acidi- 
fied with 0.5 per cent of citric acid before heating. Delf *• failed to 
confirm this result with acidified cabbage juice, and Hoist and Fro- 
lich themselves found that the presence of acid did not prevent the 
destruction of the C in dandelion or sorrel juice. 

According to Givena and Cohen " cabbage which has been heated 
in an oven for two hours at 75° to 80° C, then dried at 65° to 70° C. 
for several days losea its antiscorbutic power completely. Cabbage 
which has been cooked for 30 minutes, then subjected to drying for ■ 
two days at 65° to 70° is likewise devoid of antiscorbutic power. | 

Ellis* Steenbock and Hart " report that desiccation at 65° C. even 
in an atmosphere of carbon dioxide causes destruction of the anti- 
scorbutic in cabbage, which indicates that the destructive agency in 
this case is heat rather than an oxidation. On the other hand, the 
same experimenters find that oxidizing agents will destroy the C in 
orange juice, although it is not affected by aeration.""* 

With regard to other vegetables there are fewer observations, but 
the general trend is the same. Campbell and Chick" found that 
string beans which had been heated to 90° to 100° C. for an hour on 
two successive days had lost about 90 per cent of their content of C 
Chick and DeU •* note that a considerable amount of the antiscor- ■ 
butic power generated in dried peas and lentils on germinating is de- | 
stroyed by boiling, and tliat the cooking of these should therefore be 
as short as possible. McClendon, Cole, Engstrand, and Middle- 
kauf " assert that heating at 70° C. gelatinizes the starch without 
destroying the C in sprouted cereals. They base this statement oaS 
the fact that a guinea pig lived for 34 days without showing scorbutic 
symptoms on an exclusive diet of sprouted cereals which had been 
heated to this temperature. 

«* Hoist and Frolich. Ztachr. Hyg. 72. 1, 1912. 

« Delf, Bioch. J. 12, 416; 14, 211. 

«B Givens and Cohen, J. Biol. Chem. 36, 127, 1918. 

" Ellis. Steenbock and Hart, J. Biol. Chem. 46, 367, 1921. 

07* See also the work of Sherman, LaMer and Campbell referred to 
p. 102. 

- Loc. ciL 

fl> Chick and Delf, Bioch. J. 13. 199. 

TO McClendon, Cole, Engatraxid and Middlekauf, J. Biol. Chem. 40, 243, 
1920. 
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Delf " found that swede juice was more stable to heat than cabbage 
juice, although the vitamin content ia partially destroyed by heatmg 
to 130'' C. 

Denton and Kohman " could detect no loss of C in carrote which 
had been cooked in the ordinary manner or canned by the cold-pack 
method, but their experiments were carried on with rats, a species of 
animals which are not susceptible to scun'y. Hess and Ungcr," 
on the other hand, found considerable loss of C on boiling carrots for 
45 minutes, as demonstrated with guinea pigs fed on 35 g. of carrots 
per day added to a basal ration of hay, oats and water ad lib. These 
investigators noted a great variation in the nutritive value of old and 
yoimg carrots, and suggest that a similar difference exists between 
old and young specimens of various other vegetables as well, a vari- 
ability which makes it very difficult to prepare a table of the com- 
parative antiscorbutic value of different foods. Old carrots have a 
two-fold disadvantage in that they contain less antiscorbutic body 
than young vegetables and that they require additional boiling, which 
still further decreases their limited supply of this food factor. 

Tomatoes appear to retain their antiscorbutic properties better 
than do many other vegetables, although some destruction undoubt- 
edly takes place. According to Givcns and McClugage,^* a daily 
supplement of 2.5 g. of fresh raw tomatoes will protect a guinea pig 
from experimental scurvy on a diet which is adequate in other re- 
spects but devoid of any other source of C. When the tomatoes are 
heated at 100*^ C. for 15 minutes or longer a larger daily dosage must 
be supplied to insure protection against this disease. Tomatoes 
canned according to the usual commercial method, heating under five 
pounds pressure for 10 minutes, will prevent scurvy in a guinea pig 
when fed in daily portions of 10 g. and this same amount proved 
sufficient for protection when the heating was increased to 30 minutes 
at 15 pounds pressure. Hess and linger ^' found 5 c. c, of canned 
tomatoes per day sufficient to protect guinea pigs against scurvy, 
and in some cases even a less amount than this was adequate. If the 
tomato is boiled Hess and Unger likewise found that this vegetable 
loses somewhat in efficacy, although 5 c c. of it was still effective as 
protection. In further experiments it was found that pigs receiving 
10 c- c. of canned tomato daily throve as well as those which received 

n Delf, Bioch. J. 14, 211. 

Ta Denton and Kohman, J. Biol. Chem. 36, 249, 1918. 

" HesB and Ungcr. J. Biol. Chem. 38, 293, 1919. 

T« GiveoB and McClagage, Proc. Soc. Biol. Chem., J. Biol. Chem. 41, xiiv. 

1920. 

T» Hess and Unger, J. Biol. Chem. 88, 293, 1919. 
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60 c. c. It waa found also that pigeons suffering from polyneuritis 
could be cured by giving them 5 c. c. daily of this foodstuff. 

Hess lias arrived at the interesting conclusion that the juice of 
canned tomatoes is one of the most valuable sources of vitamins. In 
most cases fruit or vegetable juices contain one or at most two vita- 
mins while in the tomato are present all three, j4, B and C On the 
basis of lower cost Hess recommends the juice of canned tomato in 
preference to orange juice in the feeding of infants. An ounce per 
day is sufficient for the average child."* 

Sherman, L^aMer and Campbell ^' studied the time curve of the 
destruction of C in filtered canned tomato juice, and concluded from 
the low temperature coefficient and the colloidal nature of the ma- 
terial that the reaction, in this case at least, is of the heterogeneous 
type, with diffusion playing an important role. Oxidation does not 
appear to be an important factor.""' 

Chick and Rhodes '' found 20 g. per day of cooked potato neces- 
sary in order to protect guinea pigs against scurvy. Givens and 
McClugage '* fed potatoes, raw, cooked and dried under varying 

"« Am. Food. Jour. Oct. 1921. 

TO Sherman, LaMer and Campbell, Sci. Aug. 26, 1921. 176. 

'•» The effect of temperature and of hydrogen-ion concentratioD upoo the rate 
of destruction of antiscorbutic vitamin in tomato juice has been considered by 
LaMer. Campbell and Shennan (Proc. Soc. Exptl. Biol. Med. i8, 122. 1920). 
Feeding experimcnta were conducted upon guinea pigs fed a basal diet con- 
taining optimum amounts of all nutrients except vitamin C. This was sup- 
plied exclusively in the form of filtered canned tomato juice. Relative amounts 
of vitamin in treated and untreated portions of juice were measured by the 
amounts required to prevent scurvy or by a rating of the seventy of the scurvy 
produced. Boiling tomato juice of natural acidity pn A2 for one hour de- 
stroyed 50 per cent of ita antiscorbutic vitamin; four hours' boiling destroyed 
70 per cent. Juice neutralized in whole or in part, boiled one hour, cooled and 
reacidtfied at pn 5.1 to 4.9 (natural acidity less than half neutralized) shows 
a destruction increased to 58 per cent. By neutralizing a larger proportion of 
the neutral acidity, the rate of destniction of the vitamin at 100* regularly 
increaaed. Juice to which alkali waa added at an initial pa. of 11, which fell 
to about g during the hour of heating, was immediately cooled and rcacidified. 
By feeding such treated juice it was shown that destruction increased to 66 per 
cent. On repetition of the latter experiments without reacidification and the 
treated juice stored up to five days in the refrigerator before feeding showed 
00 to 95 per cent deetruction. It wa« uncertain whether the difference between 
reacidiHed and non-reacidified juices is due wholly to prolonged action 
hydroxyl ions at a temperature of 10* and pH only 9, or whether other factors, 
possibly a tendency toward reversal of the destructive process upon reaci 
tion, are involved. 

TV Chick and Rhodes, Lancet, 1918, ii. 774. 

7* GiTcns and HcClngage, J. Biol. Chem. 42, 491. 1920. 
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conditions, in 10 g. daily rations in addition to a diet of soy bean 
fiour, milk, yeast, paper pulp, calcium lactate, and sodium chloride, 
which had been shown to produce scurvy in two to three weeks, re- 
sulting in death in the course of another week unless curative meas- 
ures were adopted. When the raw potatoes were cooked they were 
chopped very finely, boiling water was poured over them, and they 
were kept boiling for 15 minutes. This treatment caused no appre- 
ciable reduction in the antiscorbutic potency of the potato. If the 
cooking was continued for an hour, however, the resulting product 
failed to ciire or to delay the onset of scurvy. 

According to Hoist and Frolich " the juice of lemons and rasp- 
berries retain their antiscorbutic properties after beating to 100^ G. 
for an hour, and Delf ^° found less reduction in C in the case of 
orange juice subjected to temperatures up to 130° C. than with either 
cabbage or swede juice, this greater stability being maintained even 
when the juice was nearly neutralized before heating. Bassett- 
Smith *^ reports that boiling lemon juice for five minutes does not 
appreciably diminish the antiscorbutic property, but that beating to 
58** C. for three-quarters of an hour caused marked deterioration. 
Davey ** states that orange and lemon juice lost but little in activity 
when preserved with the rind oil for two years at room temperature, 
but became inactive on keeping at 37°. Delf suggests that 
the unexpected stability of swede and orange juice at tempera- 
tures above lOO"* C, when the heating is conducted in the absence of 
air, may perhaps indicate that destruction of the antiscorbutic fac- 
tor is an oxidation process.*' This observation naturally has an im- 
portant bearing on the canning and preserving of fruits and 
vegetables.** 

An observation made by Hossi *• is of interest in this connection. 
Rossi found that when young guinea pigs were fed a ration of oats 
and fresh hay which had been sterilized in an autoclave at a tem- 
perature of approximately 126'* C. in open jars, they died of scurvy 
in a little more than 20 days. When animals of the same age were 
fed a ration containing the same amount of oats and fresh hay which 
had been sterilized in an autoclave at the same temperature but in 
hermetically sealed bottles, they remained in normal health after 

" Hoist and Frblich. ZtacJir. Hyg. 71, I, 1912. 

«o Delf, Bioch. J. U, 211. 

•1 Bassett-Smith, Lane. 1920. li. 997. 

" Davey. Biochem. J. 15, 83, 192L 

" See also Anderson. Dutcher, Eckles and Wilbur, Sci. 53, 440, 1921. 

•* See also Bidault. Rev. Sci. S9, 13, 1921. 

M Boui, Arch, fisiol. 16, 125. 1918; Physiol. Abs. 4, 335, 1919. 
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more than two months on thb diet. He concludes that foodstuffs 
can be sterilized at high temperatures without loss of their nutritive 
properties pro\'ided the proper procedure be followed. 

Harden and Robison " found that about half of the antiscorbutic 
vitamin was destroyed in dried orange juice kept at 29° C. for 14 
months. Boiling orange juice under a reflux condenser for one-half 
hour did not affect the antiscorbutic vitamin according to Dutcher, 
Harshaw and Hall.*^ On the other hand they found that this vitamin 
is partially destroyed by hydrogen peroxide, especially on wanning. 

Milk is comparatively poor in antiscorbutic power in the raw state, 
and the small amount present may be still further reduced by un- 
favorable treatment. Long before the vitamin hypothesis had been 
formulated, Neumann noted that frequent occurrence of infantile 
scurvy seemed to be associated with the use of milk which had been 
pasteurized at 90° to 95^ C. and then heated again at or near 100° C. 
for 10 to 15 minutes before using." 

Frolich *• found that raw milk had more protective power tlian 
heated milk as an antiscorbutic for guinea pigs. Autoclavcd milk, 
i.e. milk which has been heated to 115° to 120° C. in an autoclave 
for one to two hours, has frequently been used as a constituent of a 
scorbutic diet. Hart, Stcenbock and Smith" observed that an 
average consumption of 79 cc. per day of milk which had been 
heated to 120° C. for 10 minutes was insufficient to protect guinea 
pigs against scurvy, although this amount of raw milk had been found 
adequate. Commercial condensed milk (two brands investigated) 
was also lacking in C as compared with fresh raw milk. A commer- 
cial milk powder was foimd to be almost if not quite devoid of C, but 
the degree of heat to which this had been subjected was unknown. 
Hess and Unger*^ found that 80 cc. of fresh milk daily or its 
equivalent in milk dried by the Just-Hatmaker process (exposure to 
a temperature of 116° C. for a few seconds) was sufficient to cure 
guinea pig scurvy, while Barnes and Hume •=■ found 1(X)° to 150° 
cc. of raw milk neccssar>' and got no protection wJth the Hatmaker 
product. They ascribe this discrepancy to the fact that Hess and 
Unger gave dried hay ad lib. in the basal ration, while Barnes and 
Hume used oats and bran only. Hay is probably not entirely with- 

» Barnes and Hume, Bioch. J. 13, 306, 1919. 

** Harden and Robison, Biocbcm. J. zs, 521, 1921. 

•T Dutcher, Harshaw and Hall, J- Biol. Chem. 47, 4S3, 1921. 

" Neumann, DeuUche med. Wohnachr. 1902. 247. 

«• Frolich. Z. f. Hyg. u. Infeckt. 72, 165, 1912. 

w Hart. Steenbock and Smith, J. Biol. Chem. 38, 305, 1919. 

» Hess and Unger, J. Biol. Oiem. 3S, 293, 1919. 




atwm^ia wM mWu t^ »*>A^ g» dried aod stored for ax mooths died with 
Mtoc searvy in 21 to 37 days. Thne alao reeemd ao itt gfcifl<^ a »i 
protectaoB from the dneue. WHfa the ttblMCB wycb wm atond in 
open Tcseeb in an incubator for six xnoaths after drying at 37^ C^ A 
ccftAin amomi of pratcetaon was afforded b«t tltf«» aninab tttli- 
mately ified of acote aeurvy, in 51 to 71 days. Bettor ifauha vers 
obuined vben tbe cabbage had been stored only tax weekfi. On this, 
two animals died of settrvy after 66 days, and two lived for « day»» 
one with no ^ipareat sympiosns and tbe other showinf evidsno* of 

•• See abo Ch. XV. 

•« Tmu NonL Med, Anii. Abt H. 1910, &ipp. »4». 
» HoUt ud PrSlich. Ztecb. Hyg. 73, 1; 7&. 334. 



100 



rtTAL FACPOSS OT 



worbutic Umofm 00 hirfnhn^I fawiMfioa gf ^ bi^ t 

ftttioD of dried nbbiCB «p#ml«fc lo aD r of Ae &cA 
tht MbbtffB hftviDf bMB dried ai 37« C. aad kept at ^ 
ioederieee44)rov«re«lplMrieacid. Ho incweet m w^^ 
during Uw ea in eikiMBt ncir apcnamti iviittU tbit te tne of 
etofUflB bM A marked dTect opoo the aatieeorMic valae of dried 
eabbofe, and that ifae vahie k prcater wba the material m kept in 
a very dry atmoephcre aad prevcnled from takins up una e Uu t from 
the air, but even in this eaee the vahie ii very snail m eompariaon 
with freab material. The oneet of mnrry in grnnea pici waa pte- 
vonicd wHh aa snail an amount of freab cabbage aa 1 to 2^ R. daBf, 
and the moist nucceiinfu] of the experimente wHh dried cabbage are 
far from comparable with this. Experimenta with other dried vege- 
tables showed similar deterioration oq drying and storing, this being 
greatest with dnndclion leflvea and carrote, and least with potatoes. 
Oivens and Cohen ** observed that cabbage, dried in a blast of 
air at 40" to 62" C, retained some of its antiscorbutic value in that 
it would considerably delay the onset of scorbutic symptoms, thereby 
prolonjcinK life. Further, it could be employed as a curative agent 
if tJio fligriH of scurvy were recognized early enough and the animal 
would consume one grnm daily. Cabbage which had been heated in 
an oven for two hours at TS** to 80^ C, then dried at 65° to 70** C. 
for wvern! days lost it* antiscorbutic power. Cabbage cooked for 
30 minutes, then subjected to drying for two days at 65° to 70* C, 
ejchibited no anti«corbutio potency. Dclf and Skelton" found that 
the loes of antisoorbutio properties was more than 93 per cent when 
cebbace waa dried at a low temperature and subsequently stored for 
too te three wet^ks at luborntory temperature. Storage for five to 
liK VMka at laboratory temperature induced a further loss of anti- 
propertiee and after storage for three months nearly all («« 
• cent) of the protective value of the fresh material was kwL 
teil amount was, however, distinctly greater if the cabbage 
1^ iBto boilin? water before drying. They conclude that 
._ of veteUblcs by doing is an unprofit-able process 
to labor and fuel invoU^, to the low nutritive and 
Talue of the product, ami to the subsequent deteriora- 
4ian«Betara«eL tn view of the present advocacy by others of dehy- 
dnrtiaa «s « wefol means of preaerving vegeUblcs, this conchoioii 
of^paBnAwtamt 

wJ Cohra. J Biol. Chos. 3ft. U7. ^^ 
imk 8k»Itoii, BkMk. J. n« Ml. U}& 
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Falk and HcGuire recommend the vacuum process of dr>'"uig or 
defaydratisg foods as a means of preserving the vitamin content. The 
absence of oxygen during drying favors the retention of the full vita- 
min potency. Banana flour is advantageously prepared in this 

Giveiu and McClugage confirmed the findings of HoUt and 
Frolich with regard to the destructive effect of drying on the anti- 
scorbutic factor in potatoes, the amount of destruction varying 
greatly with the temperature and duration of drying. Fifty-five to 
60° C. is apparently the optimum temperature, 2.5 g. per day 
of potato dried at this temperature affording some protection. 
The best residts were obtained with potatoes which had been baked 
for a short time at a high temperature and then dried. Givens and 
McClugage" remark that the influence of heat upon the antiscor- 
butic vitamin appears to be related not only to the degree of tem- 
perature but to the duration of the treatment, the reaction, the 
eniymea present, and the manner of heating. They consider a tem- 
perature of 35° to 40° C. for six to eight hours seems to be more de- 
structive than 55° to 60° C. for two to three hours. This conclusion 
is based on the results obtained with potatoes dried at these tempera- 
tures and fed imcooked and cooked for 15 minutes at 100° C. With 
2.5 grams of potatoes dried at 35° to 40° C. and fed without further 
treatment, death from scurvy was slightly delayed; with 5 grams life 
was certainly prolonged. One out of four animals receiving daily 
2.5 grams of potatoes dried at 55° to 60° C. showed signs of scurvy 
at death; also one out of three animals on potatoes dried at 75° to 
80° C. showed signs of scurvy at death. If these dried products are 
further heated in water at a temperature of 100° C. for 15 minutes 
and then fed to guinea pigs in amounts equivalent to 2.5 grams of 
dried material no protection was observed with the 35-40° C. 
and 75-80° C. products while with the 55-60° C. material some 
favorable effect was noticed. 

" When potatoes were baked for a short time at a high temperature 
and then dried, a product was obtained which afforded protection 
against scurvy. Thus it appears possible that the factors involved 
in tlie destruction of the antiscorbutic vitamin are not only the degree 
of heat and the duration of the heating but also the enzyme content 
and the reaction of the food being dried. Until further light is thrown 
upon the problem it seems plausible to assume that at any tempera- 



w Am. Food Jour. Oct. 1921. 

» Givens and McClugage, J. Biol. C3iem. 42, 497. 1920. 
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ture below 80° C. the enzjTiies are functionating. For example, all 
potatoes dehydrated below this temperature darkened during the 
desiccation. Furthermore, samples of these same products tested 
nine months after drying showed that they etill contained oxidases. 
The temperature of 35° to 40° C. is probably the optimum one for 
the enzyme action. The duration of drj'ing at this temperature, be- 
ing very long, allows several hours for continuous activity. In the 
case of drying at 65° to 60° C. and 75° to 80° C. there is undoubtedly 
some enzyme action, but the time is reduced. The difference in the 
antiscorbutic value between the products dried at 56° to 60° C. and 
at 75° to 80° C. and then cooked, may be accounted for on the basis 
that at the higher temperature there is more destruction due to the 
duration of this greater heating and to enzyme action. In the case 
of baking and drying the enzymes are destroyed in a very short time; 
also the product is subjected to the high temperature for a short 
period and thus high heat and reaction have little time to bring about 
a joint effect- 

Dr>'ing at 35° to 40° C. for 32 to 52 hours appears to reduce the C 
content of tomatoes somewhat, the loss being greater if the driedf 
tomatoes are cooked before feeding.*** 

Bassett-Smith ^°^ kept a preparation of antiscorbutic material from ^ 
lemon juice for three months at temperatures of 15*, 30° and 37° C«. 
without appreciable loss of antiscorbutic power. The temperature of 
37° was least satisfactory, the vitamin being slightly affected in thia 
case.*"' 

Harden and Robison "* report that the antiscorbutic property of J 
orange juice is not appreciably destroyed by evaporation to dryneaaj 
under suitable conditions. The dr>'' residue retains considerable ac«l 
tivity after storage for two years in a dry atmosphere at ordinary 
temperature, an observation which is con^rmed by Givens and.. 



too Givens and McClugage, Proc. Soc. Biol. Cbem.; J. Biol. Chem. 4lJ 
xnv, 1920. 

^ci BuBctt-Smith, Lancet 1020, 1102. 

loii xhe preservation of citrus fruit juices from the standpoint of antiscop-l 
butic potency h&a been studied by Davey (Biochem. J. 15, 83, 1921). Potaaaiunij 
mctabimjlphite is satisfactory at 0* but it is uncertain at room temperature azull 
is ineffective at 37** C. Preaervaticm with the rind oil, in the case of lemon and 
orange is satisfactory at temperatures up to room temperature. Even after two 
years the potency is very little diminished. Citrus fruit in cold storage there- 
fore ahould maintain a high degree of antiscorbutic value for an indefinite 
period. At 37* C. deterioration is rapid. 

103 Harden and Robiaon. Biochem. J. 1920, 14, 171-177. 
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Macy.*** HcM nd Uiicer.»« OB tke otter hud, fowl that an^» 
juiee which had besB kept in a rebi^enftor for aooie time had last 
■ome of il» autrkin 'c vatoe aa mrttratwi bf the improreDMoi hi vci|h<^ 
and BCDcral rumlkiu a uLemtJ in the case of a guiuea pig vhen the 
re fri g er ated juiee was replaced by only half as nmch frerii orange 
juiee in iU dietary. 

GrrciH and Kacy ^** have investigated the anfcisearbotk pro pai t ie a 
of frmt jnieee dried by a eominefcial proeeas. Lemon jniee, aeid and 
Beotralind, toouto joiee, grapefruit, and orange juice all mntainwl 
A Mgmfi#*wt: amoont of the antiacorfautic vitamin; grape and raap- 
bexry juice were apparently devind of it. The prqiaratione used were 
for the most part U to 20 mooths old.'*** 

Certain oheenraticofi have suggested that eniyme action may be an 
important factor in the gradual destruction of the antiscorbutic vita- 
min and to test this auggeati on, Smith and Medes ^^ heated orange 
juice, both in the presence and abeeoce of an ensyme, at temperatures 
of 38°, 55° and 76^ C. If ensyme activity causes destruction of the 
vitamin, presum&bly disappearance would be most rapid at 55° C^ 
tha temperature at which the activity of the ensyme is greatest The 
eniyme employed was invert^se, since it is a nonnal constituent of 
orange juice. This eniyme did not contribute to the destruction of 
the antiscorbutic vitamin when heated with the vitamin for four 
hours at SS'', 55° and 76° C. This docs not preclude the possibility 
that other enzymes may have such an effect. Incidentally, Smith 
and Medes note that heating for four hours at a temperature of 
76* C, either in the presence of invertase or in its absence, causes a 
more rapid destruction of the \'itamin than heating at 55° C. Heating 
for four hours at 38° C, does cot cause an appreciably greater loss 
of antiscorbutic value than keeping at room temperatiu^. 

Beef, which is poor in C, loses its antiscorbutic power completely 
when it has been dried in vacuo at 65° C, or lower, for 12 hours and 
then air-dried for several days.*" 




los CiTeiu and Uacy. Proc. Am. Soc. BioL CSiem.; J. Biol. Chem. 40, xi, 
1931. 

"« Hen and Ungcr. J. Biol. Chem. 35, 487. 1918. 

101 Giveni and Macy, loc. cU, 

lOB* The effect of drying vegetables in the sun has been investisated by 
Shorten aod Ray (Biochem. J. 1$, 374, 1921). Dried tomatoes, potatoes and 
cabbage retain much of their antiscoibutic value. This is not true, however, of 
carrots, spinach or turnips. Dried cabbage, tomatoes, carrots, spinach and pota- 
toes showed antineuritic properties. 

I" J. Biol. Chem. 48. 323, 1921. 

i«T Givens and McCIogage, fid. 61. 373. 
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That very low temperatures may be ddeterioiu as well as higher 
temperatures is indicated by Wiltshire's experience in Kberia, where 
scurvy broke out among the troops, altiiough each man received a 
ration of frosen meat daily .^" 

108 WUtdilre, Lancet, 1918, ii. 811. 

A summaiy of the dMtniotiTe effects of oxidation and catalysis on Titamim 
is given by Hess (J. Ind. Eng. Ghem. 1921. 1116). 
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(J. iDd. Ens- Cbem. 1931. UQ8). 

^ If cCoUam and Davit, J. Biol. Otem. i9lX 15. 1«7. 
■ McCollum and Siimnond*, Ibid, 31, 3S. 1917. 

• McCollum, SimmondB and Pits. Am. J. Ph.v»tol. 4I1 M* ktll. 

• Osborne and Mendel, Proc. Soo. Exp. Hi. Mml. itt, 9«, 1911^19, 

• Steenbock and BoutweU. J. Biol. Owm. 4*. 131. 1990. 

Ill 
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inal carrots when fed in small amounU as the sole source of A. Evi- 
dently while carrots contain considerable amounts of A, for some 
reason or other no satisfactory quantities of the vitamin could be 
accumulated from them. These investigators suggest that this may 
be on account of the presence of the colloidal pectins and hemicel- 
luloses or possibly on account of the occurrence of the vitamin in 
molecular combinations. Fat solvents applied to alfalfa gave far 
more satisfactory results. Alcohol was found to be the most satis- 
factory solvent, but benzene was also effective. Water proved very 
poor. With corn, ether failed to extract the vitamin, but alcohol,* 
cold or hot, removed it quantitatively. Although dried tomatoes con- 
tain considerable amounts of the fat-solub!e vitamin, the ether ex- 
tract had no growth-promoting power/ 

Drummond ' found that A is not extracted from oils by water or 
dilute acid but that it may be removed in small quantity by cold 
extraction with alcohol. He could find no evidence which suggests 
that A is not a single substance, but was unable to identify it with 
any of the recognized components of fats, such as glycerol, saturated 
or unsaturated fatty acids, cholesterol, lecithin^ phosphatides, or lipo- 
chromes. He suggests that it may be a labile substance of ill defined 
construction. 

According to Drummond,* saponification in non-aqueous media of 
oils containing the accessory factor results in the disappearance of 
the growth -stimulating properties, although an earlier experiment '° 
had shown that a high grade whale oil which had been treated with 
soda to remove the free fatty acids and subsequently clarified with 
fuller's earth was still rich in A. 

Steenbock and Boutwell ^^ found that A as extracted from alfalfa 
with alcohol resists saponification with alcoholic potassium hydroxide 
in the cold. From such solution on dilution with water it can be ex- 
tracted with ether. On fractionation by differential solubility there 
can be obtained a portion soluble in petroleum ether, containing A in 
largo amounts, along with carotin, and a dilute alcohol-soluble por- 
tion which contains xanthophyll, but little or no ^4." This is in 
accordance with the observation of McCollum and Davis" that 

• See also McCollum, Simmonds and Pitz, J. Biol. Cbem. aS, 153, 1910. 
T Osborne and Mendel, J. Biol. Cbem. 41, 549, 1920. 

• Dnmmiond, Bioch. J. 13, 81, 1919. 

• Drummond, Bioch. J. 13, 81, 1919. 
" Drummond, J. Phyfuol. 52, 3M. 1918. 
1^ Steenbock and Boutwell, J. Biol. Cbem. 43, 131, 1920, 
1* Steenbock and Boutwell, 1. a. 
** McCollum and Davisi J. Biol. Cbem. xg, 245, 1914. 
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ihe property of inducing groiRth in rats which have grown as far as 
possible on a fat-free ration can be conferred on olive oil by sliaking 
the latter with a solution of the soaps prepared by completely saponi- 
fying butter-fat in a non-aqueous medium with potassium liydroxide. 
According to McCoUum and Davis, tlie results obtained leave no 
room for doubt as to the stimulating efifect of this oil as compared 
with the untreated oil. 

More recently, Steenbock, Sell and Buell ^** have investigated the 
stability of A as found in animal fats, and state that no appreciable 
destruction of the vitamin could be observed after boiling the fat 
for I hour with 20 per cent alcoholic KOH. 

In recent years a large amount of vegetable oil has been treated 
by the hydrogenation process to form solid fats known as hardened 
oils. The process as usually carried out involves the treatment of 
the oil with hydrogen gas io the presence of a nickel catalyser. The 
temperatures generally employed range from 150'' to 190° C. The 
time of treatmeat with hydrogen for the hardening operation ranges 
from one to eight hours.'* In view of the effect of high temperatures 
on vitamins it is to be expected that their activity would decrease 
during the hardening process. This is apparently the case as is indi- 
cated by the investigations of Halliburton, Paton, Drummond and 
others " who found fat-soluble vitamins to be absent in oils treated 
by the hydrogenation process. 

However, recent investigations pointing to the stability of vitamins 
toward heat, in the absence of air or oxidising agents, suggest other 
causes than heat alone. It is not unlikely that tlic catalytic action of 
the nickel catalyzer may be exerted on the vitamins thereby changing 
their character.^"' Fahrion "•* refers to the therapeutic value of cod 
liver oil due to vitamins. Oil extracted by cold pressing contains the 
vitamins in a potent state. He notes, however, that the oil obtained 
by solvent-extraction does not contain these food factors. As has 
been stated, refining by alkali destroys vitamins. Fuller's earth 
probably absorbs vitamins during the bleaching operation* 

It follows that lard substitutes made from refined vegetable oils 
which have been thickened to the consistency of lard by the addition 
of 15 or 20 per cent of hydrogenated oil, scarcely can bo expected to 
contain vitamins. Various suggestions have been made for adding to 



is» Steenbock, Sell and Buell, J. Biol. Chem. 47, 89, 1021. 

" See Ellis, Hydrogenation of Gila, New York, 1919. 

IB Halliburton. Paton, Drummond and others, J. Physiol. 1919, 5a, 325. 

"• See Drummond, J. S. C. I.. 1921, 81 T. 

»fc Chem. Umabau, 1920, 97 and 110. 



U4 VITAL FACTORS OF FOODS 

oleomargarine and compound lard suitable extracts of vitamin A.^** 
The result of the investigations of Halliburton, Dnimmond and 
others on the absence of vitamins in processed vegetable oils have led 
to much controversy over the relative merits of animal and vegetable 
fats, of milk and butter, oleomargarine, vegetable oil, compound lard 
etc. Richardson *^' takes issue with the champions of the virtues of 
milk and butter. With a varied diet, he believes that it makes no 
difference whether oleomargarine or butter, in fact any dairy product, 
is consumed. 

If rats, the experimeatal ftnimftla moet used in the past for dietetic experi- 
menta. are fed a mixed ration of moderate variety, coasistiag of the food com- 
moaiy used on the ordinary table, meat, vegetables, grains and fruits, but with- 
out milk or dairy products, they get along very well indeed, without developing 
dietary or deficiency diseases, showing normal growth and health, except for an 
occasional ailment or infection to which such laboratory animals are alwaysi 
subject. Such rats reproduce unto the nth generation in spite of the absence of 
their per diem of milk. When to such a diet either oleomargarine or butter is 
added no noteworthy change resulta which, Kichardson notes, is as might have 
been foreseen and expected. Rabbits and guinea pigs grow to maturity, flourish 
and reproduce on green things as do the large herbivorous animals, while the 
carnivorous kinds eschewing vegetable products subsist entirely on meat. These 
would commonly be considered to be most unbalanced diets, but the addition ol 
dairy products does not change the course of nature. Large quantities, how- 
ever, might and sometimes do cause serious disorders, since milk and dairy 
products are very different in some of their properties from the natural foods of 
certain animals. 

Osborne and Mendel " claim that the centrifuged butter-fat from 
which they obtained the growth-promoting factor contained neither 
nitrogen nor phosphorus. This was doubted by McColIum and 
Davis," but confirmed by the analyses of Folin and of Funk and 
Macallum,'* who found only 0.0003 per cent of nitrogen, and of 
Osborne and Wakeman,** who estimate the phosphorus content of 
the butter oil in which the growth-promoting principle is concentrated 
at 0.0006 per cent. In view of these figures it seems impossible that 
either phosphorus or nitrogen should form a constituent part of the 
fat-soluble vitamin, 

"« Experiments made in the taboratoiy of the senior author by adding aa 
extract of alfalfa to oleomargarine (nut butter) were not very promising owing 
to the foreign flavor imparted to the product. 

1" Richardson, Am. Food Jour., July, 1921. 

i« Osborne and Mendel, J. Biol. Chem. ao, 382, 1015. 

IT McCollnm and Davit. J. Biol. Chem. 19, 250, 1914. 

>« Funk and Macallum, Zeitsch. f. physiol. Chem. 92, 13, 1914. 

1* Oiborae and Wakeman, J. Biol. Chem. az, 91, 1915. 
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Normal growth and reproduction baa been obeen'cd in albino rats, a Rpecies 
of animal in which tliere ia a completfl absence of oarotinoid pigmenta, with 
ewe milk-fat and cam tiooid-f reef egg yolk as the eole sourcca of fat-soluble 
vitamin. The ewe milk-f&t contained only 0.00014% of carotin and the ration 
showing the beat resultji contained only 0,0000126% of carotin. The baaal rm- 
tion used was entirely devoid of carotinoids. A quantitative comparison of 
the carotin content and vitamin efficiency of various rations shows no relation* 
ship. Carotinoid pigment is not necesuary for the normal growth and repro- 
duction of albino rats and apparently the fat^oluble vitamin and carotinoid 
pigment are not identical.'^* 

The antincuritic or water-soluble B vitamin is, as the name im- 
plies, generally regarded as soluble in water ** but Cooper " found 
that the antincuritic content of meat is not extracted by water al- 
though it is readily soluble in alcohol, after which it becomes soluble 
in water. From lentils B can be extracted directly by water.** 
Suguira " prepared a sparingly soluble compound from yeast which 
hud untineuritic properties. It would seem that the antincuritic, like 
the fat-soluble vitamin, may vary in solubility according to the con- 
dition in which it is found. Many observers " have reported its 
solubility in ethyl alcohol, and this is commonly used as an extrac- 
tive. Osborne and Mendel "^ have pointed out that the term alcohol 
is sometimes rather carelessly used, without specifying whether abso- 
lute or dilute alcohol is referred to. They state that in their experi- 
ence absolute alcohol ia by no means an adequate solvent for the 
antincuritic vitamin and that the solubility in dilute alcohol depends 
on the amount of water present. This is confirmed by Drummond " 
and by Osborne, Wakeman and Ferry.*' 

Osborne and Wakeman *■ added alcohol gradually to a 0.01 per 
cent N. acetic acid extract of yeast vitamin and tested the different 
fractions for growth -promoting qualities. That obtained from 52 per 

iB» Palmer and Kennedy, J. Biol. Chem. 46. 559, 1921. 

3» Chamberlain and Vedder, Phil. J. Sci.. Bd, 395, lOU; McCollum utd 
Davis, J. Uiol. Chcm. 23, 181. 1915. 

«i Cooper, J. Hyg. la, 436. 

" Cooper, 1. c. 

» Suguira. J. Biol. Chem. 36, 191. 

** Stepp. Tscbr. Zt. f. Biol. 57, 135; Eijkman. Arch. f. path Anat. 148. 
£23, 149, 197; Praier and Stanton. Lancet, M^rcli 13. 1910, 733; Chamber- 
Urn and Vedder, Phil. J. 8ci. 6B, 395; Tervvchi. Y^ Saiking akuaabi. Tokio, 
1910, No. 179; Zeita. Bioch. BiophyB. 11. 719; Funk, Trana. Boo. Trop. Med. 

5. se- 

" Oabome and Mendel, J. Biol. Chem. 31, 149. 

» Drummond, Bioch. J. xi, 256. 1617- 

" Osborne. Wakeman and Ferry, J. Biol. Chcm. 39. 36, 1919. 

" Osbome and Wakeman, J. Biol. Ch. 40. 383. 1919. 
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cent alcohol (by weight) was almost inert, while that Boluble in 52 
per cent, but precipitated by 79 per cent contained most of the ac- 
tive substance. That precipitated from 90 per cent alcohol was al- 
most as active per imit as that from 79 per cent, but the amount ob- 
tained was small, only 10 per cent of the total extract, while the 
second fraction contained 37 per cent of the total. The portion 
soluble in 90 per cent alcohol also contained the vitamin, but not in 
so great a concentration as the preceding. 

On the other hand, Funk " and Fraser and Stanton " have suc- 
cessfully used absolute alcohol to extract the antineuritic substance 
from rice polishings and Cooper " has made use of it for extraction 
of various foodstuffs. 

Vcdder and Williams " found the vitamin from rice only slightly 
soluble in cold 95 per cent alcohol. McCollum and Simroonds " 
state that it is very difficult to extract it completely from cooked 
beans. They believe that the failure of alcoholic extracts of cooked 
beans to induce growth is due to the physical changes in the bean 
during cooking whereby the vitamin is protected from contact with 
the solvent, not because of destruction of the active substance. Even 
with raw beans extraction with hot alcohol in a Soxhlet was not com- 
plete in 18 hours. Eddy " found it possible to extract the vitamin 
from sheep's pancreas with cold 95 per cent alcohol containing 0.8 
per cent HCl. Methyl alcohol dissolves the vitamin from yeast" 
and from some vegetables." 

In general the antineuritic vitamin appears to be insoluble in 
ether,"'' although Cooper '• finds that it can be extracted from egg- 
yolk, and to a lesser degree from meat, by this solvent. 

It is soluble to some degree in acetone, as noted by Stepp " and 
confirmed by McCoUum and Davis,** who state, however, that it ia 
a poorer solvent than water or alcohol. McCoUum and Stmmonds*'^ 

" Funk. J. Physiol. 43. 395, 1911-12. 
BO Fraser and Stanton, Lancet, 1910, ii, 17S5. 
. «i Cooper, J. HvK. la, 436. 1913. 
" Vcdder and Williams. Phil. J. 8ci. 8B, 175. 
" McCollum and Slmmonds, J. Biol. Chem. 33, 55, 1918. 
8i Eddy, J. Biol. Chem. 27, 113, 1916. 
" Myers and Voegtlin, J. Biol. Chem. 42. 199, 1920. 
" Brill and Alencastre. PhU. J. Sci. 12A, 127. 1917. 

" Stepp. ZcitAchr. f. Biol. 57, 135; Chunberlatn, Vedder and Williams, 
Phil. J. Sci. 7B. 39. 1912; Cooper, Bioch. J. 7, 268, 1913; 8, 347, 1914. 
«• Cooper, J. Hyg. 12, 436. 
■• Stepp, Zfiitschr. f. Biol. 62, 405. 1913. 
" McCollum and Davio, J. Biol. Chem. 23, 192, 1915. 
«^ McCollum and Sinunonda. J. Biol. Chem. 33, 55. 1918. 
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found that B is not extracted directly from beans, wheat germ, or 
pig kidney by ether, benzene, or acetone, but is readily extracted in 
great part by alcohol. After being removed by alcohol it is soluble 
in benzene, but very slightly in acetone. 

McCoUum and Kennedy ** report tliat the vitamin from fat-free 
wheat embryo can be extracted by acetone, benzene, and ethyl ace- 
tate, but McCoUimi and Simmonds^ noted that the scheme of 
applying successively to raw navy beans the solvents ether, benzene, 
and 95 per cent alcohol, in order named, and of feeding the extract 
and residue in separate experiments, showed that benzene does not 
remove B from ether-extracted beans while hot alcohol does. When 
material which was dissolved from beans by hot alcohol was deposited 
on dextrin and the latter then extracted with hot benzene, the ben- 
zene-soluble material thus obtained was very effective in inducing 
growth and in causing prompt recovery of polyneuritic rats. A 
benzene extract prepared directly from ether-extracted beans doe8 
not contain an appreciable amoimt of B. Benzene therefore does 
not remove B from beans directly, but once this substance is extracted 
by alcohol it is soluble in benzene. 

Steenbock " states that he was able to cure polyneuritis in pigeons 
by means of intraperitoneal injections of a water-acetone soluble 
substance from egg-yolk. 

Cooper •■ prepared a curative substance from horse-flesh which was 
moderately soluble in water, and insoluble in alcohol, benzene, chloro- 
form, ether, and ethyl acetate, and states that the brain contains an 
antineuritic substance which can be extracted with alcohol and pre- 
cipitated by a mixture of acetone and ether, 

Myers and Voegtlin** found that olive oil and oleic acid remove 
the \ntamin from autolyzed yeast filtrate, thus showing that in the 
form of the crude extract it is fat-soluble as well as water-soluble. 

Water-soluble B is not colloidal, since it can be dialyzed through 
parchment *' and collodion " mcrabriines. 

It is readily absorbed by charcoal," kaolin," mastic," fuller's 

*« McCollxuxi and Kennedy, J. Biot. Ch, 34, 401. 

** McCollum and Simmonds, J. BloI. Chem. 33, 55, 191S. 

** Steenbock. Proc. Am. Physiol. Soc. Am. J. Physiol. +9, 610. 

*» Cooper, Bioch. J. 7, 268, 1913; 8, 347, 1914. 

" Myers and Voegtlin, J. Biol. Chem. 42, 199, 1920. 

«T Eijkman. 1. c; Chamberlain and Vedder, Phil. J. Soi. 6B, 395, 1911; 
Dnmimond, J. C. Bioch. J. 11, 255, 1917. 

« Suguira, J. Biol. Chem. 1918. 36. 191. 

" Chamberlain and Vedder, Phil. J. Sci. 6B. 251, 395j Voegtlln, J. 
Wash. Acad. S«i. Oct. 4, 1916. 

" Voeetlin. J. Wash. Acad. Sci. Oct. 4, 1916. 

n VoegtUn, J. Wash. Acad. Sci. Oct. 4. 1916. 
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earth,** Lloyd's reagent (colloidal hydrous aluminum Bilicate,'* col- 
loidal ferric hydroxide,** and, according to Druminond, by flocculent 
precipitates of all kinds, a property which doubtless accounts for 
some, at least, of the losses observed in attempting to purify this 
factor, although Funk " regards this loss as unimportant. 

Emmett and McKim" state thut the yeast vitamin is not ab- 
sorbed by kieselguhr or infusorial earths, but Brill *' foimd that the 
cxu-ative principle from rice polinhings is extracted by infusorial earth, 
althougli not by as small a proportion of the earth as was used of 
the Lloyd reagent by Seidell. Brill considers this partial extraction 
to be due to the character of the extract. There appears to be a 
loss of antineuritic power in the extract as it ages. He regards the 
method inapplicable, because of the quantity of earth needed com- 
pletely to extract the total vitamin content. 

The water-soluble vitamin appears to be stable towards acids."' 
Alcohol satiu'ated with hydrochloric acid is frequently used to ex- 
tract it from the food substances in which it is contained." McCol- 
lum and Simmonds *" found some indication tliat it may be slowly 
inactivated by this acid, but the evidence is not conclusive, and the 
action is certainly inconsiderable. Similarly with nitrous acid, ** the 
vitamin may be destroyed to some slight extent, but very slowly if at 
all, and the same may perhaps be true of sulphuric acid.'* 

On the other hand, after hydrolysis with mineral acids, extracts of 
rice polishings have been found to be more efficacious as an anti- 
neuritic factor than before such treatment," a result which may be 

" Seidell, U. S. Patent 1, 173, 317; Emmett and McKim, J. Biol Chcm. 
33. 403, 1917; Public Health Rcporte Feb. 18, 1916, p. 364. Reprint No. 325; 
Harden unci Zilva, Bioch. J. xa. 93, 1918. 

" Seidell, U. S. Patent 1, 173, 317; Emmett and McKim. J. Biol. Cbem. 
33. 409, 1917; Public Health Reports Feb. 18, 1916. p. 364. Reprint No. 326; 
Eddjr and Roper, Proc. Soe. Exp. Biol. Med. 14, £2, 1916. 

>« Harden and Zilva. Bioch. J. 13, 93, 1918. 

" Funk. Biochem. Bull. 5. 1. 1916. 

» Emmett and McKim. S. Biol. Chem. 33. 409. 

" Brill. Phil. J. Sci. 13, 199. 1917. 

»" Punk. 1. c; Voegtlin. Wash. Acad. Sci. Oct. i, 1916 j Abetr. in Nature, 
98. 373; Steenbock. Proc. Am. Physiol. Soe. Am. J. Physiol. 43, 610, 1917; 
Whipple, J. Biol. Ch. 44. 175. 1920. 

" Funk, I. c.; Eddy, J. Biol. Chem. 37. 113, 1916; Brill and Alcastre, 
Phil. J. Sci. isA. 127, 1917; Myera and Voegtlin, J. Biol. Chem. 43. 199, 1920. 

*° HcCollum and Simmonds, J. Biol. Chem. 33, 55, 1918. 

«> McCollum and Simmonda, J. Biol. Chem. 33. 55, 1918. 

" Drummond, Bioch. J. 11, 255. 1917. 

" Vedder and Williama. Phil. J. Sci. B, 1913, 8, 175; Williams and Sa- 
leeby. Ibid, 1915, xo. 99; Sullivan and Vocfftlin, Proc. Soo. Biol. Cbem. 1916, 
J. Biol. Chem. 04, zvii. 1916-16. 



CHEMICAL STRUCTURE AND PROPERTIES OF VITAMINS 119 

due to the liberating of the active constituent from a less active com- 
pound present in the original extract."* 

Osborne and Wakeman " prepared an extract from yeast by run- 
ning washed brewers yeast into boiling 0.01 N. acetic acid, the ex- 
tract thus prepared being said to contain almost all the growth- 
promoting vitamin of the yeast. An attempt to precipitate the vita- 
min fractionally from the evaporated filtrate by means of increas- 
ing concentrations of added alcoliol was, however, only partially 
successful. 

It is said " to be stable to concentrated alkalis at room temperature, 
but the evidence regarding its sensitiveness to dilute alkalis at boil- 
ing temperature is conflicting. Boiling for an hour with 0.28 per 
cent sodium hydroxide solution destroyed the antineuritic content of 
wheat embrj'o ahuost entirely.*' Fraser and Stanton *^ inferred 
from their ejcperiments with rice polishings that 0.5 per cent sodium 
hydroxide solution destroyed the antineuritic substance. 

Voegtlin and Lake " produced typical symptoms of polyneuritis 
in cats and dogs by feeding meat which had been treated with a 10 
per cent sodium carbonate solution until distinctly alkaline and then 
heated to 120° C. for three hours. Meat which had been heated to 
this temperature for three hours without the addition of alkali had 
not completely lost its antinueritic power. Commenting on this 
work," Osborne and Mendel say: 

Voegtlin and Lake a.ssuine that their ground beef muscle which was 
treated with 10 per ceot sodium carbonate Botutiou until the tissue reacted 
strongly alkaline to htmus and then heated at 120° under pressure for three 
houra, woji free from B, but six rata who^e aole food coasted of meat thua 
treated, lived for more than three months and gained in weight, one even liv- 
ing for about seven months and gaining l&O per cent in weight. Osborne and 
Mendel ^^ found that dried leaa round of beef (untreated) furnishes so little 
of this vitamin that animals fail almost as quickly when this is the eole source 
of protein as when the extracted meat residue ifl used. Contrasting Voegtlin 
and Lake's results with those obtained by Osborne and Mendel with 
meat which was extracted with boiling water only, it is difficult to believe that 
tlie treatment with alkali waa responsible for loss of vitamin. They cannot 
account for the good results with rats ou this diet. 

«« Williams and Seidell, J. Biol. Cbero. 36, 431, 1916; Daniels and Mc- 
Clurg, Ibid. 37, 201, 1919. 

OB Osborne and Wakeman, J. Biol. Chcm. 40, 383. 1919. 

«« Steenbock, 1. c; Williams and Seidell. J. Biol. Chem. 36, 431. 1916. 

*' McCoUum and Simmonds, I. c. 

«■ Fraser and Stanton, Uincet 1915, i. 1021. 

«* Voegtlin and Lake, J. Pharmacol. II, 167, 1918; Am. J. Physiol. 47, 558, 
1018. 

70 Osborne and Mendel, J. Biol. Chem. 39. 42, 1919. 

T^ Osborne and Hendel> J. Biol. Cbem. 32, 300, 
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Daniels and McClurg^' failed to observe any appreciable effect 
on the vitamin content of beans when boiled with dilute alkali for 
thirty minutes, but this wa3 probably due to the fact that their 
rations contained so large an excess of the vitamin that destruction 
of almost 50 per cent of it might remain undetected. Whipple/* 
using the Williams' yeast test (q. v.) for the presence of vitamin, 
came to the conclusion that the water-soluble vitamin in cabbage is 
not destroyed by boiling with a 0.1 per cent sodium bicarbonate 
solution. 

Dnimmond * found that boiling with five per cent sodium 
hydroxide for five hours tends to destroy the growth-promoting 
properties of yeast. 

Miller/* using the same method, found that cooking navy beans 
in 0.5 per cent sodiimi bicarbonate solution for one hour and ten min- 
utes caused a loss of 37.5 per cent of the vitamin, 

Osborne, Wakeman and Ferry " digested brewers* yeast with, 
ten times its weight of 0.1 N. sodium hydroxide for twenty-one and 
one-half hours, and then heated it on the water bath for two hours. 
After this treatment its growth-promoting properties, as tested on rats 
which had begun to lose weight on a \'itamin-free diet, were found 
to be as pronounced as those of fresh yeast. More recently, however, 
Osborne and Leavenworth "' have reported that while the efficiency 
of a yeast preparation was not appreciably impaired by being dis- 
solved in O.IN alkali for 18 hours at 20 C. exposure to these conditions 
for 90 hours or heating with alkali for a short time resulted in serious 
deterioration. They conclude that it is allowable to use dilute alkali 
solutions in the concentration or isolation of B provided the tempera- 
ture is kept low and the time of exjrasure to the action of the alkali 
is short. 

Since water-soluble B is less stable to heat treatment in the presence 
Qf alkalis, there is ground for believing that biscuit baked with soda 
are not so nutritious as when the flour is used to make raised bread. 
The occurrence of pellagra in certain sections of the South is held by 
some authorities to be due to ttie almost exclusive use of soda biscuit 
instead of raised bread."* 



" DanieU and McClnrff, J. Biol. Chem. 37i 201, 1919. 

" Whipple. J. Biol. Chem. 44. 175, 1930. 

• Drummond, Bioch. J. xi, 255, 1917. 

" Miller. J. Biol. Chem. 44, 159, 1920. 

t» Osborne, Wakeman and Ferry, J. Biol. Chem. 39, 35, 1919. 

TB« Osborne and Leavenworth. J. Biol. Chem. 45, 423. I92I. 

»» Am. Food Jour. Oct. 1921. 



CHEMICAL STRUCTURE AND PROPERTIES OF VITAMINS 121 

To explain conflicting results of different observers, Daniels and 
McClurg '" suggest that destruction, where partial, may escape ob- 
servation; or that antineuritic \itainin may be present in tissue in 
two forms, one so bound chemically that it is unaffected by treatment 
which is destructive to the free or imboimd form. However, this 
hypothesis fails to account for all the discrepancies noted. 

The attempts to separate the antineuritic vitamin from the organic 
matter with which it is associated fall into two classes, those in which 
the aim is to separate a chemically-pure substance which may be 
analyzed and identified, and those in which the object is merely to 
obtain the curative substance in concentrated form. The latter will 
be treated subsequently and here we shall concern ourselves only with 
the efforts to isolate a pure substance with curati%'e power. 

These have led in many cases to the separation of crystalliDe com- 
pounds which have been found to exert a considerable restorative 
effect in the treatment of polyneuritis, but usually the curative prop- 
erty disappears as the substance is purified, and the chemical consti- 
tution of the vitamin remains an open question. The most extensive 
work in this field has been done by Punk and by Williams. The 
materials used as a source of vitamin are usually rice polishings or 
yeast. 

The first attempt to isolate vitamin by the fractionation of rice 
polishings was made by Funk -^ as follows: Rice polishings were 
extracted with cold absolute alcohol, containing two to fire per oeot of 
hydrochloric acid. The extracts were evaporated in vacuo at a low 
temperature, and the fatty residue melted aod extracted with water. 
These aqueous extracts, after addition of sulphuric acid to the ex- 
bent of five per cent, were precipitated with 50 per cent phospbotanc- 
stic acid solution and the precipitate decomposed with barytA is the 
usual manner. The solution, entirely freed from bAryt* and lol- 
phuric acid, was filtered, and the filtrate neutralised with hydro- 
chloric acid and evaporated in vacoo. The residue was extracted 
with alcohol and the soluUon freed by filtraiioD from inorgB&ie diJo- 
rides. The alcoholic solution was then pred|ntated with alcoholie 
mercuric chloride solution. The active subetaDee wa« found to s 
small extent in this precipitate but the balk was in the fikrale. From 
each of these fractions the vitamin could be completely thrown down 

" Daniels and lIcatzrK, J. Bid. Chem. 37* 301. W- 

TT Cooper and Funk. Lenc«t, 1011. o. UO0; Faok, J. fhymdi. 43. 3K, UlL 
Schsumonn, Arch. f. BAiSb, u. IVop. Hy^ ri« 8V. U91. daias to have it^ 
latcd the aotineuritic ■Jatiwi fron nee yiilirfiiHi befa ro Funk, b«l M Ml 
identify it. Funk, J. PhrsoL 45. 4». MKrti lfte& th« nriMtaaas DtHsJBwl es* 
cording to the method naed by S^MBMMi covdd mfy hsv* beta 
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by silver nitrate and barj'ta. From this fraction, which contains the 
histidine, pyrimidine, and nicotimc acid groups, after decomposition 
with hydrogen pulphide, there was isolated a very small quantity of 
crystalline aubstance, with a melting point of 233** C. This was not 
recrystallizcd, but possessed very marked curative power. The only 
substance isolated from 54 kilos of rice polisliings were this crystal- 
line material (which, from our present knowledge, was undoubtedly 
impure nicotinic acid) and a large quantity of choline. This work 
proved that vitamin is quantitatively precipitated by phosphotung- 
stic acid, and by silver nitrate and baryta, partially by mercuric 
chloride in alcoholic solution, but not by platinic chloride or picric 
acid. 

Shortly after this work was done there appeared a paper on this 
subject by Edie, Evans, Moore, Simpson, and Webster/' who used 
a slightly modified method. The source of their material was yeast. 
This was extracted with alcohol, and the alcohol extract evaporated, 
cleared with lead acetate, and immediately precipitated with silver 
nitrate. This precipitate, when decomposed, gave a small quantity 
of crystalline organic substance that yielded ash. These investigators 
gave the name torulin to the substance isolated, but did not claim to 
have tested its curative power. 

Later, in 1912, Funk endeavored to isolate the vitamin from dif- 
ferent foodstuffs," e. g., yeast, rice polishings, ox-brain, milk,** and 
lime juice." An extract of rice polishings was precipitated directly 
with silver nitrate and baryta. This process was chosen to shorten 
the procedure and to avoid the use of a large quantity of alkali, 
which was supposed to destroy the vitamin. No vitamin was de- 
tected in this case. Allantoin was found, which, when phosphotung- 
fitic acid is used, goes into the filtrate. The evaporated alcoholic ex- 
tract of yeast was hydrolyzed with 10 per cent sulpiiuric acid solution 
for a short time previous to precipitation with phosphotungstic acid, 
and the hydrolyzate was worked up in a way similar to that for the 
first fractionation of the extract of rice polishings, with the difference 
that mercuric chlorid was not used. The silver- fraction when decom- 
posed yielded a cr>*stallinc substance, melting at 233° C, tliat gave ft 
precipitate with mercuric acetate, but not with mercuric sulphate or 
nitrate. No copper salt was formed in boiling water with copper 
oxide. The yield, 0.45 g. from 75 k. of dry yeast, was too small for^ 

TB Edie, EvanB, Moore, Simpson, and Webster, Bioch. J. 6, 234, 1912. 
" J. Physiol. 45, 75, 1912, 
•• Bioch. J. 7, 211. 
n Ibid, 81. 
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Fhm the iteaiB fraetaoa of riee pnfiAingB two ctTiAaUiae prod- 
ucts vere nhtiiarri, one of viiii^ pro%~ed to be nicotinic acid and tbe 
oUier bavii^ the foramla C„H^O»N.. 

Id tiie same year Suzuki, Shinamura and Odake " pubUsbed a 
paper on the ihiaiiiliji of rioe poIiriuD^. Their method of wwhtiiif 
the active prin cqde vas as foUows: The rice poUslunes vara fin! 
extracted vitb pet ro ie um ether, to remove the fat, and then vHh 
boiling alcohol. The eraporated alcobotic extracts were diluted with 
3 per cent sulphuric acid solution, and precipitated with pliospho- 
tongstio acid. The precipitate, after decomposition with baryta, 
yielded a fraction to which they gave the name oryMona. The crude 
oryu&nio obtained by this procese was purified by precipitation with 
tannic acid, and from this a picratc was obtained which was crystal- 
lised, by evaporation from acetone, in small yellow-brown needles- 
These, on decomposition, yielded a very active curati'\'e substance. 
After boiling two hours with 3 per cent hydrochloric acid, the crude 
or>-zanin yielded choline, glucose, and two acids, CieH,NO, and 
CisH,gN,0». Both acids are difficultly soluble in cold water, some- 
what more soluble in hot water, readily soluble in alkali and alcohol. 
Both give an intense diazo reaction with p-diasobensol-sulphonio 
acid, a deep indigo blue with phosphomolybdic acid and ammonia, a 

" Funk, J. Phymol. 46. IH. 1913. 

•* Snniki, Shiaamura ttxd Odakc, Biocb. Ztachr. 43, 80. 1913. 
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strong 2k>ni2oD reftction, and decoloriie iodine-starch solution, 
reftctions ore &lfio g^ven by crude orysaaxn.*^ 

Dnimmond and Funk •* repeated this worit but were not able to 
confirm it. Neither were the above mentiooed acida detected, Tior 
was a curative picrmte obtained. On the contrary it was found that , 
the vitamin was not precipitated by picric acid. It was hoped that ' 
by using large quantities of rice polishings positive results could be 
obtained. In tlie first instance 380 kilos of rice polishings were xised 
and the method carried out exactly as de8crit>ed above. In another 
case an extract from 620 kilos of rice polishings was worked up. 
This extract was hydrolyzed with acid preWous to fractionation. In 
both cases a most careful inquiry failed to detect any new chemical 
substance that could be regarded as the vitamin itself or a decom- 
position product of it. 

Punk '* concluded that the vitamin is extremely unstable and that 
methods employed in separating are likely to destroy it largely if 
not completely. Of the various destructive agencies he regarded the 
actum of alkali as probably the most important and therefore en- 
deavored to find a satisfactory method of separation, which would 
avoid the use of alkali. He foimd " that the phosphotungstic pre- j 
cipitate from alcoholic extract of yeast can be divided by means of' 
acetone into a small insoluble fraction which contains the bulk of 
the vitamin, and a large soluble fraction which is totally inactive. 
By using lead acetate instead of baryta to decompose the phospho- 
tungstates very clear solutions are obtained which facilitate further 
purification and the possible destructive action of the alkali is 
eliminated. 

Recognising the same difficulty in the use of alkali, Vedder and 
Williams " and Sullivan and Voegtiin " sought to avoid it by use 
of barium acetate and lead acetate respectively to decompose the phoe- 
photungstic precipitates, and report some measure of success. 

Pol ■• separated a crystalline acid which he assumed to be the 
active principle from a kind of bean, tlie katjang idjoe (Phaseolus 
radiatus) which was used by Griins*" for the cure of polyneuritis. 

••• Kaoliang (Aitdropogon sorghum, Bret.) ia reported by Kimura 
(J. 8. C. I. 1921, 672 A) to be rich in oriz&ma. 
•4 Drumxnond and Funk, Bioch. J. 19U, 8, 59S. 
» Funk, Bioch. Bull. s. h 1916. 
•* Funk. Bioch. Bull, s, 1, 1916. 

•T Vedder and WiUiams, Phil. J. Sei. 1913, 8, 176. 183. 
•* Sullivan and Voegtiin, J. Biol. Chem. 1916, xuv. 
•• D. J. Hulshoff Pol, J. PhyBiol. 61. 432, 1917. 
L»« Grijos, Geneesk. Tyds. v. Ned. Indie, 41, 1901. 
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For the isolation of this acid the bcao^s were boiled in cxoesB of waterj 
the fluid was decanted and bade lead aceUte added. The precipitate 
was collected on a Alter, well washed with water, and then water 
added to it till it formed a thin pap. Throu^^ this hydrogen sul- 
phide was passed to remove the lead, and earboo dioxide w&a bubbled 
through the filtrate to remove the hydrogen sulphide. The fluid thus 
obtained was administered to four out of a number of beriberi pa- 
tients, all of whom recovered. To isolate the active principle furtheTi 
the purified extract was evaporated to dryness and crj'stals obtained. 
Both the extract and the crystals were add. The constitution of 
the acid was not determined- 

Suguira" prepared a colorless, crystalline substance capable of 
exerting a curative action on polyneuritic pigeons from dried, pow- 
dered brewers' yeast by treating it with ten times its weight of 5 per 
cent sodium chloride solution, and subjecting it to air dialysis. By 
this method, 22 mg. of colorless, crystalline substance, almost free 
from sodium chloride, can be obtained from 10 grams of dried yeast. 
A solution in water of from 2 to 5 mg. of these colorless crystals in- 
jected subcutancously into a pigeon may be suflScient to remove com- 
pletely the symptoms of polyneuritis within a few hours. Its 
constitution was not determined. 

Hofmeister ** isolated an antineuritic substance from rice to which 
he gave the name oridine. It was found to be isoroenc with bctaine 
and valine and from it« properties would seem to bo related to the 
pyridine and piperidine groups. 

The hydrochloride was prepared as follows: Rice meal was ex- 
tracted with 80 per cent alcohol, the alcoholic extract evaporated to 
a syrup in a vacuum, and made up with hydrochloric acid to a 
solution containing 3 per cent of the acid. Aiter extraction of im- 
purities with ether, the acid solution was concentrated again to a 
syrup and made feebly alkaline with sodium carbonate, and pre- 
cipitated with bismuth-potassium iodide solution. After acidifying 
the filtrate, the precipitation was repeated, the precipitate being 
triturated with silver carbonate and decomposed with hydrochloric 
acid. The substance was then obtained in crystalline form on drying 
the filtrate. Doses of 5 to 10 mg. of the hydrochloride were found 
to be active. The aurichloride, C,H„0,N3AuCl4, formed plateleto 
and flat prisms, m. p. 277**. Oridine hydrochloride, CjHuOjN^HCl, 
fonns colorless prisms, m. p. 240". The free base was a white, hygro- 
scopic powder, soluble in water. On purification the compound lost 

its activity. 

" Sugalra, 3. BioL Chem. 36, 191, 191ft. 
•> Hofmeister, Bioch. Ztsohr. 1920. 103. 318. 
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Myers and Vocgtlin " have recently obtained an active crystal- 
line compound from autolyzed yeast extract by a modification of 
Punk's method which eliminates purines, histidine, proteins and 
albumoses. Their procedure is as follows: 

Air-dried yeast is ground to a fine powder and twice extracted for 
three hours with boiling methyl alcohol, containing 0.01 per cent 
hydrochloric acid, in the proportion of 2 c. c. of alcohol to each gram 
of yeast. The alcohol is removed in vacuo at 35° C. and the residue 
repeatedly extracted with ether and 0.1 per cent hydrochloric acid, 
keeping tlie volume as small as possible. From this acid extract 
tlie purines are precipitated by hot aqueous silver acetate, very little 
of the active principle being carried down in tliia fraction. To the 
filtrate, containing a large excess of silver acetate, saturated barium 
hydroxide solution is added to precipitate the vitamins along with 
other extraneous material. This precipitate is suspended in water, 
acidified with sulphuric acid, and decomposed with hydrogen sul- 
phide, the filtrate treated with slight excess of lead acetate to remove 
the sulphuric acid, and again with hydrogen sulphide to remove the 
lead, then concentrated in vacuo. Up to this stage, according to 
Myers and Voegtlin, practically none of the activity is lost. On 
addition of mercuric sulphate to the concentrated vitamin solution 
an inactive histidine fraction is precipitated. The filtrate contain- 
ing an excess of mercuric sulphate is treated with absolute alcohol 
until precipitation is complete. The pale yellow precipitate formed 
contains the bulk of the active material. " The degree of separation 
in this last procedure is influenced by two factors, (1) the concen- 
tration of excess mercuric sulphate present and (2) the final con- 
centration of ethyl alcohol. If these adjustments are right, none of 
the active material remains in the alcoholic filtrate." The alcohol- 
insoluble material is suspended in water and the mercury removed 
by xoeans of hydrogen sulphide. The filtrate from the mercuric sul- 
phide is freed of hydrogen sulphide in vacuo and the sulphuric acid 
removed by means of lead acetate and the excess of lead by hydrogen 
sulphide. By concentration in vacuo over soda lime a definitely 
cryBtfilline product was obtained by Myers and Voegtlin, which 
crystAllized in spindle-shaped crystals and was active as long as 
the crystals were surrounded by the mother liquor. When washed 
with absolute alcohol and dried, the crystals lose their activity and 
change from spindles to prisms, but on recrystalliration from water, 
♦Hey take on the epindle shape again. The investigators believe 

" Ujen and Voegtlin, J. Biol. Chem. 42, 109. 1930. 



CHE\nCAL STRUCTTEE AS 

that there are at tetfk two i 
sessing a HwtmBtJy faaa 

ScideU •» hM fo^ (faft At 
ammoniacal siirer intnte to • pariied v^mm OElnM* nade fnM 
yeast " activated " fnOv^ cvtk ■ U^^ i^kiMJIii Thn iHwiiH 
silver complex is aiaarpbaam wad its cobvcbmi to a oyaUlfiBe eoofr 
tion has not been effected, bofc flevenl cfyiUlfiBt derivBtiveB of 
the active constituent of tlic coapo^id have faecB nhtimndj indodiiig 
the picrate. nhrftte, and what appcan to be tbe free base. Of 
these, the picrate does not pve a conrtAnt melting point and yields 
picric acid by ether extiadaaB. The nitrate meha with decum p oailaon 
at 146°. Tlie baae is Ttfy aligfatly aohible in atrong aloolKd but ao 
soluble in water that a visooos pellicle is nsually obtained on slow 
evaporation of the. aqueous aoiotioo. 

Funk '' at first believed that the antineuritic vitamin was a pyri- 
midioc base analogous to uracil acid and thymine, and was probably 
a constituent of nucleic acid; a theory which was supported by Ved- 
der and Williams.** It seems e^'ident, however, from later work,** 
that the substances isolated have in all cases been nitrogeneous bases 
contaminated by traces of vitamin, rather than the vitamin itself in 
a pure condition. Antineuritic properties have been attributed to a 
variety of compounds; nicotinic acid," adenine," betaine,'* allan- 
toin,*'* pyrimidines/*^ hydroxy pjTimidines/°= to certain purine and 
choline-like bases isolated from rice poJishings; **" to quinine and 

*^ Yea«t extract does not cause secretion of pancreatic juice as does secretin. 
Secretin can be cxtractrrl from the intetitine of a cat showing the so-called poly- 
neuritic condition to a ver>' marked degree. Vitamin B has a curative effect 
on polyneuritic animals when given by the mouth, whereas secretin has no ac< 
tion on tbe secretion of pancreatic juice when so adminttttered. The suggestion 
of Voegtlin and Myers that vitamin B and secretin are identical is not sup- 
i ported is the conclusion reached by Anrep and Drummond (J, Physiol. 54, 
f^dl9, 1921). 

•**> Seidell, Public Health Report?. April 1, 1921; Science, Aug. 26, 1021, 177. 

•♦ Punk, J. Physiol. 46, 75, 1912. 

M Vcdder and WillUma. Phil. J. Sci. B8, 175, 1913. 

M Dnunniond and Ponk, Bioch. J. 1914. 8, 598; Birger, "The Simpla 
Natural Bases," [Longmans] 1914, 112. 

•f Funk, J. Physiol. 1913, 46, 177. 

M Wtllianu and Seidell. J. Biol. Cbem. 1916, 26, 431. 

M Pimk, J. Pfaynol. 45, 489, 1912-13. 

«•• Punk, Ibid. 

lai Foak. J. FbynoL 45. 489, 1912-13; Wllllanw. J, Bwl, Cbeo. a9, fO«. 
1917. 

i«> Willumt. i. BioL Cbfon. 99, «H. 1917. 

**» Veddcr ud WUllaaM, PhiL J. fid. SB. m. 1913. 
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cmchonine,'"* and to thyroxin, desiccated thyroid gland, pilocarpine 
hydrochloride, and tethUn,**** but in many cases when these sub- 
stances are prepared in sufficiently pure condition they have proved 
to be inactive/*" and in no case has the vitamin been satisfactorily 
identified with a known substance. The work of Williams along 
this line seemed very promising, but unfortunately other workers 
have been unable to confirm his results. 

Assimaing from the properties of the active extracts that the cura- 
tive substance was an hydroxy-pyrimidino, Williams"^ prepared a 
series of pyrimidine derivatives and tested the tlierapeutic action 
of each on polyneuritic pigeons. Tlic series included nicotinic, cin- 
chomeric, quinolinic, 6- hydroxy-nicotinic, and citrazinic acids, 
a-hydroxypyridine glutazine, 2, 3, 4-trihydroxypyridine, and its 
anhydride, 2, 3, 4-trihydroxypyridine, and tetrahydroxypyridine, of 
which only a-hydroxy-, 2, 4, 6-, and 2, 3, 4-trihydrox>'pyridine 
showed any curative effect. As it was noticed that preparations 
which were active when fresh deteriorated rapidly on keeping,**'* 
Williams suspected isomerization. He was able to prepare two 
isomeric crystalline forms of hydroxy-pyridine, needles and granules, 
which are isomeric and can be converted into one another, the sta- 
bility of each form being determined by temperature, solvent and 
other conditions. Only the needle form shows curative power. On 
standing at room temperature the needles gradually become trans- 
formed into granules, with corresponding loss of curative power. He 
concluded that the curative form is a pseudo-betaine and that more 
or less conformity to the betaine type in structure or energy condi- 
tions is an essential characteristic of antineuritic vitamins, and 
suggested that the curative properties of Funk's vitamin fractions 
of yeast and rice may have been due in part to a corresponding 
isomeric form of nicotinic acid or a polymer or simple derivative 
of it."«* 

Williams and Seidell,'"' in their second paper on the subjectt 

1" Cooper, Bioch. J. 7. 268. 1913. 
lOB Dutchcr, J. Biol. Chem. 39, 63. 1919. 

iM Drummond aod Punk, 1. c; Vocgllin and White, J. Pharm. Exp. 
Ther. 1316, 9, 155; Harden and Zilva, Bioch. J^ 1917, zx, 173; Steenbock. 
Proc. Am. Phj-Biol. Soc. Am. J. Physiol. 43, 610. 

1" Williams, R. R., J. Biol. Chem. 25, 437. 1916. 
i« Williams, R. R., J. Biol. Chem. 29, 495, 1917. 
I^io** R. R. Williams believes that vitamin B eventually will be found to be 
Jic nitrogen compound mth an oxygen subetitution in the ring and capable 
l^xistence in a betaine conBguration. (J. Ind. Eng. Chfim. 1921, 1108.) 
J. Biol. Chem. 36, 431, 1916. 
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point out that histological methods have shown polyneuritic animals 
to suffer a degeneration of the motor cells of the cord, and that this 
change is progressive, some cells presenting the normal appearance 
white otliers in the same field are degenerated. 

" It would appear plausible that when tiie motor ceU changes have reached 
a certain point loaa of function mipen-'enea and paralysis results. There still 
remain, in the cord of a paralyzed animal, motor cell^ which appear normal 
when stained and which may be capable of restoring the motor functions of 
the muRcles when influenced by substances which stimulate them to height- 
ened sensitiveness. ... If Uiia line qf reasoning could be shown to be valid, 
it would follow that experiments with pure chemical substances of known con- 
stitution, with a view to binding by good fortune the one playing an important 
physiological role, might be entirely misleading unless it were ahown that the 
' cure ' was permanent. For such complete proof it is necessary to demon- 
strate the reitumptiou of growth and maintenance of health as long as the 
Bubatancc is supplied in the food mixture. . . . Sustained normal function 
is indispensable to adequate proof that the dietaiy eascatioJ in question ia 
beini administered." 

While we are still far from a definite conclusion as to the chemical 
structure of the vitamin, there are certain properties in addition to 
those already referred to which are invariably associated with the 
physiologically active substance. It appears to be basic,"* although 
Osborne, Wakeman and Ferry ^^' suggest that the persistence with 
which it is retained by edestin may indicate that it is chemically 
combined with the edestin, and hence that it has acid properties. It 
is completely precipitated by silver nitrate and barium hydroxide"* 
by phosphotungstic acid in 5 per cent sulphuric acid solution,"" giv- 
ing a phosphotungstate which ia insoluble in acetone,"" and almost 
entirely by ammonium molybdate.^^^ It can be precipitated by 
tannic acid,"" but this method when applied to rice polishings does 
not yield large amounts."' Drummond *=^ found that upon fraction- 

>'=< Funk, Trans. Soc. Tr. Med. 5. 80. 1911; J. Physiol. 43, 395, 1911; Ved- 
der, Phil. J, Sci. 7B, 415; Osborne and Wakeman, J. Biol. Chem. 40, 383; 
Myers and Voegtlin, J. Biol. Chem. 4a. 199. 1920. 

>'» Osborne, Wakeman and Ferry, J, Biol. Chem. 39, 35, 1919. 

»« Funk, J. Phys. 43, 395. 1911; Cooper. Bioch. J. 7. 268, 1913; Edie, 
Evans, Moore, Simpson and Webster, Bioch. J. 6, 234, 1912. 

113 Cooper and Punk, Lanert, 1911, li, 1266; Funk. J. Physiol. 43, 395, 
Ifill; 45, 75, 1912; Funk and Macallum, J. Biol. Chem. a?. 63, 1916; Eustis 
and Scott, Bioch. Bull. 3, 460, 19U. 

»" Punk. Bioch. Bull. 5. i. 1916; Drummond. Bioch. J. 11, 255. 1917. 

"» Cooper, J. Hyg. xa, 436, 1913. 

lis Suzuki, Shlnamura and Odake. Bioch. Ztscbr. 43, 89, 192. 

"» Veddcr and Williams, Phd. J. Sd. B8. 175. 

110 Drummond, Bioch. J. 11, 255, 1917. 
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ation of yeast dialysate with silver nitrate and baryta, the precipitate 
produced with silver nitrate, which contained the purine fraction, 
bad no e0ect on growth, while tliat produced on the further addition 
of baryta and containing the pyrimidine contained small traces of 
vitamin. 

It is partially precipitated by mercuric chloride ^'^ but not at all 
by basic lead acetate/" platinic chloride,"* or picric acid,*** 

With the phosphotungstic acid 8olution introduced by Polin and 
Macallimi "' as a test for uric acid it gives a deep blue color,'" and 
a similar color is obtained with the phosphomolybdic-phosphotungstic 
acid reagent of Folin and Denis."' Eddy "" believes from his 
experiments that this color reaction offers a practical method of 
standardizing dosage. 

The " uric acid reagent " has been found to give a reaction with 
di* and polyhydric phenols, monohydric phenols containing an NH, 
group in the benzene ring, and certain purine and tyrosine deriva- 
tives, while the phosphomolybdic reagent appears to be specific for 
purine derivatives and polyphenols. Amino acids, polypeptides, and 
diketopiperazines are negative to both reagents. The replacement of 
one hydrogen atom in the purine ring lessens or abolishes the urio 
acid reaction. In the case of phenol reagent tliis occurs when two 
hydrogen atoms are replaced."' Referring to the color produced by 

■ the Folin-Macallum reagent, Williams and Seidell"" state: 
It has beea our experience that a Degative teat for this color indicatea the 
absence of the curative nibetance in crude solutioo. A positive tut can with 
lees assurance be taken to indicate the presenco of the vitamint. 

From its frequent association with lipoid and phosphorus- 
containing compounds"* it was natural to expect that the anti- 

■ "1 Funk, J. Physiol. 43. 395, 1911; Bioch. Bull. 5. 1. 1010- 

i» Cooper, J. Hyg. la, 436, 1913; Vedder and WiUiami, PhU. J. Sci. B8. 
175, 1913; Funk, Bioch. Bull. 5, 1, 1916. 

"* Punk, 1. c.; Suzuki and Shinamura. J. Tok. Chem. 80c. 32. Zenlr, 
Bioch. Biopbys. xa, 11; Suzuki. Shinamura and Odake, 1. 0. ; Steenbock. 
Proc. Am. Physiol. Soc, Am. J. Physiol. 42, 6!0, 1917. 

1" Funk, 1. c; but cf. Suzuki, Shioamitra and Odake, 1. c. 

^» Folin and Macallom, J, Biol. Chem. 11, 205; 13, 363; Benedict and 

■ Hitchcock. Ibid. 20, 619. 1915. 
"« Funk and Macallum, Bioch. J. 7, 356, 1913. 

"f Folin and Denis. J. BioJ. Chem. 12, 239; Suguira, J. Biol. Chem. 1918. 
36, 191. 

iM Eddy, Proc. Soc. Exp. Biol. Med. 14, 164, 1917, 

»" Funk and Macallura, Bioch. J. 1913, 7. 356. 

"0 WilUams and Seidell J- Biol. Chem. 26, 431, 1916. 

1*^ Fraaer and Stanton, Studies from the Inst, of Med. Res. Fed. Malay 
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neuritic vitamiD itself might be a phosphorus compound, but this 
appears to be disproved by the work of Tcruuchi,"* who showed 
tliat only 0.001 per cent of the total phosphorus of the rice grain is 
present in the alcoholic vitamin extract, and this presumably inor- 
ganic phosphorus, and of Chamberlain and Vcdder, who found from 
analysis "' the following composition for the antineuritic extract 
from nee: total solids, 1.34 per cent; ash, 0.03 per cent; phosphorus 
pentoxide, 0.00.65 per cent; nitrogen, 0.040 per cent; sucrose, 0.88 per 
cent. Suzuki and Shinamura found ^^' nitrogen and sulphur, but 
no phosphorus in tlie active substance which they isolated from rice 
grits. From the extract they isolated an acid which when heated 
with 2 per cent hydrochloric acid gave yellow needles or prisms hav- 
ing a melting point 300° C. These crystals gave the Millon and the 
Ehrlich diazo reactions. The liquid filtered from the crystals 
strongly reduced Fehling solution. From these properties the acid 
is supposed to be a glucoside. 

Voegtlin"" claims that although phosphorus is not known to be 
a constituent of vitamins yet a fairly accurate index of the vitamin 
content of cereals may be given by their phosphorus content. 

Little or no attempt has been made up to the present to isolate 
the antiscorbutic factor in a pure state. It is soluble in water and 
dilute alcohol;*** it can be dialyzcd through parchment,"^ and passed 
through a Berkefeld filter without losing**' its antiscorbutic activity 
to any appreciable extent. It is not absorbed by fuller's earth or 
dialyzed iron ; a property which makes it "' possible to separate the 
antineuritic and antiscorbutic vitamins quantitatively from a mix- 
ture of the two by selective absorption. 

Harden and Zilva found that the antiscorbutic ^^'* vitamin of 



States 1909. EtioloKy of beriberi; Cooper, Biocb. J. 1914, 8» 347; VoegtUn 
and Myers. Pub. Health Repta. 33. 23. 1918, p. 911; SolUvan and VoegtUn, 
Proc. Soc. Biol. Chem. 1915, J. Biol. Chem. 34, xvii, 1915-16. 

19S Teruuchi, SukinKakuzashi, Tokio, 1010, No. 179, Zentr. Bioch. 
Biophys. 11, 719. 

»> Chamberlain and Vedder, Phil. J. Sci. 6. 395, 1911. 

iM Suzuki and Shinamura* J. Tok. Chem. Soc. 32, Zentr. Biocb. Biophya. 
12, 11. 

is« Voegtlin. J. Wash. Acad. Sci. Oct. 4. 1916; VoefftUd and Myers, Publ. 
Health Repta., 33, 23, 1918. 

»B Hoist aod Frtilich. Ztschr. Hyg. 75. 334, 1913; Harden and Zilva, 
Bioch. J. X3, 93. 1918; Hess and Unger, J. Biol. Chem. 35. 479, 1918. 

^^ Hoist and Prolich, Zeitscbr. f. Hyg. u. Infectionsk. 7a, 1, 1912. 

*»• Harden and Zilva, 1. 0. 

»»• Harden and Zilva, 1. c. 

>«o Harden and Zilva, Lancet 1918, ii, 320. 
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oreoge jaioe was destroyed by dilute alkali at Toom temperature. 
Orange juice made Deutral to phenolphtbaleia and given in doecs 
of 3, 5. or 7 cc. kept the antmsh in good ccHulition for 78 days, and 
when they were killed at the end of this time the post-mortem showed 
DO signs of 8curv-y. When, howe%'er, the orange juice was made N/20 
alkaline with sodium hydroxide and stored for 24 hours in a cold 
room these doees did not prevent or delay the onset of scurvy. If 
this alkaline juice was made 'S/20 acid with HCl just before ad- 
ministration the effect was still the same. Another set of animals 
received orange juice made N/50 alkaline with NaOH on the day 
of feeding. All died of scurvy after a sli^tly prolonged period, 
thus showing that the juice after being made alkaline retained only 
a trace of its antiscorbutic activity. It has been pointed out that 
many antiscorbutic vegetables arc either neutral or very slightly 
acid, and any culinary operation which entails alkaline treatment 
even to a slight degree will be instrumental in the destruction of a 
significant part, at least, of this factor. Hess and Unger "^ note 
that after canned tomato and orange juice hnd been rendered 0.05N 
alkaline to phenolphthatein, these juices were still effective if adnun- 
istered shortly after alkalinization. If, however, 24 hours elapsed 
between the alkalinization and feeding then a considerable amount 
of the antiscorbutic factor was lost. Delf "' obtained indications that 
the remarkable resistance of the antiscorbutic factor of orange juice 
to the destructive effect of heat is due to something other than the acid 
content of the juice, since the stability persisted even when the juice 
was nearly neutralized before heating. 

In this connection the work of McCIendon and Sharp ^** on the 
hydrogen ion concentration of foods during storage and preparation 
is of interest in relation to preservation of antiscorbutic properties. 

Dutchcr, Harshaw and Hall ^** reach the following conclusioDa: The anta- 
scorbutic vitamin is not destroyed by heating at pasteuriiation temperature 
(63° C.) for 30 minutes in closed vessels or by boiling (100' C.) for 30 minutes 
under reflux condensers. Hydrogen peroxide •possesses some destructive action 
when added to orange juice at room temperature and the destructive action is 
increased when the orange juice-hydrogen peroxide mixture ia heated at 63° and 
lion but, in the absence of oxidising agcntii, are stable to heat up to the boiling 
100° C. The antiscorbutic properties of orange juice are susceptible to oxida- 
temperature of orange juice. 



i«> Hess and Unger. J. Biol. Chem. 38, 293. 1919. 

"» Delf, Bioch. J. 1920. 14. 211. 

^" McCIendon and Sharp. J. Biol. Chem. 41, iv. 1920. 

>*« Dutchcr. Harshaw and Hall, J. Biol. Chem. 47» 483. 1921. 
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ftDtioeuritic tsetor in ftuiolined yaaflt and tiie antiaoariiixtic 

M«^yIeDe Blue, Neutral hied, tukd Bairanine. It ie BugBeated ligr 
ZttW MMl ttlM»^^ tbi* tbe Jutfiae aaoleouleF wbethor muqile cr 
a«oiiafcad aqrlMitf a aanS^odinioid MteK. 

Sbcrm«LO> I>aMcr lutd Cam p bel l'** foimd ffaat in the case of 
tofioato ittioe tfae jote ictf 4flrtnHlMB a «an inor at 100 C^ 
|)rQt)imrtw<y vttb dnciw wfl kyte^a «Miiarti i i rth a. II 
CIm inaierittJ wae acidi^tid immedittielT after ihe beating the dotcnia:^ 
1100 VM IfiM CliaD wiMB Ite «aB owttBd. iMJMrinK ta a liwiiim l jwe 
atfaofc of tiic hydmtji horn em it lower iempKttmm, 

71ie jvk«« of greeo mail, carrote, rafabatgp, potatoea, Iwwpi, and 
\mi wen ail found to be diMindlf add «betl>er f re^ or 
aiorana; or after \Mj\l'uig in ao opeo i taut L The jmoe 
out of boiM food was &cid and the juice boiled after pttLB a Lu^ out 
0^ fraih foo'l wa« acid. The uobotlfd preparatMUS beeaoie aura add 
on lianfiing but Uie MM preparatiooi were ao immtaiit aa to fta- 
dinate Uiot tiietr eontent of volatile acida or basea waa vexy lov. 
The fact timt aeid fruit and vecetable juicc« seemed to retain thdr 
antiiUDorbutif! properiian longor than ncutrul or alkaline extracts** 
lad HoUl to t)iA connluHion tiiat the nntiHcorbutic vitamin was more 
atftblo in urtil ntedia, and the lUggMtion has been made'** tliat the 
WMlt>r ill witli'h vegatablaa ara boUed Hhould be rendered slightly acid 
with oilrio Anid in order to Iomod the Ions of antiscorbutic power 
dvit^litg miiiltlitd l<!vl(l(<Mon tin U» (hi* ofTienoy of such treatment ia 
QOttAtvtlUM Idiwnvor, llolvt and Fr61ich *** found that whereaa 
llMkly aNi^mMiisd nalih)iit<^ jniro lott ita antiscorbutic power com- 
pMllIx Mti (vMui no ' til 100" C. for 10 minutes, if the juice 

Via ic-.iL A \wT otint citrip acid before heating, some anti- 

WOl^HtU pWW waa rplAlntHl, but D«U **^ failed to confirm this and 



*TW« «hiMiM ha «a MMlkka aT alttMr alkali or Mtd to the v&ter (in 
^«AmII »<ai<i^*w M« M»d) •• yUi ta««Mli tk* tavriuhle Urn of &ntiscor- 



^4 MHi l«i«l. 
UII»iftAOai«Mk»iiA«i w. ITS. 1831. 

«.im: itoaa w t^l««t. 9M. iift. ttii^ Kii M<a m% ts, ui. i6. i: 
avwttMrii IM3^*«ai^ rwi>. ilk IWkQMll^ I ImL Onk 41. zxxT. 1930. 
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Hoist and Prolich (1. c.) themselves noted that the juice of dao- 
delion leaves was no more thermostable when acidified than in ita 
natural condition, and sorrel leaf juice which is acid in reaction when 
oiprcaBrd, lost all its protective action when heated. Givens and 
McCIugage*" found that the antiscorbutic power of potatoes is 
lessened by soaking in dilute hydrochloric or acetic acid before cook- 
ing. Cooking for 13 minutes in weak solution such as 0.5 per cent 
citric acid did not destroy the antiscorbutic vitamin. 

Although crude uncnished potato exercises a marked antiscorbutic 
action, its juice extracted by pressure possesses only a feeble action.^" 
If, however, the potato is mixed with 2J per cent by weight of a 
mixture of 1 part of citric or tartaric acid and 4 parte of sucrose be- 
fore being crushed and the juice expressed, such juice possesses a 
much more marked antiscorbutic action. The loss of antiscorbutic 
properties of the potato by simple pressiu-e is considered to l)e due to 
the action of oxidases during the process, and this action is inhibited 
by the presence of citric acid or tartaric acid. The juice from fresh 
potatoes has a stronger antiscorbutic action tlian that from potatoes 
stored during the winter. 

A test advocated by Bezssonoff **■ to determine the presence of 
antiscorbutic vitamin is the following. A modifieil Folin-Dcnis phenol 
reagent prepared by adding an equal volume of NXl sulphuric acid 
to a solution containing 100 g. of sodium tungstuto, 20 g. of phospho- 
molybdic acid and 16.6 c.c. of concentrated phosphoric acid per litre, 
gives a blue coloration with plant extracts knowiv to possess anti- 
scorbutic properties, but not with extracts devoid of those properties. 
Of the various phenols examined the only one to give tliis blue color 
with the reagent was quinol. 

»i Givens and McClugage, J. Biol. Chem. 4a, fill, 1030. 
1" Bezssonoff. Comptea rend, 1921, 173, 417; J. S. C. I.. 1021, 67IA; see 
ftlso J. S. C. I., 1921. 126A. 

us Bexssonoff, Comptee rend., 173, 4a0, 1921. 
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Various methods have been devised for obtaining preparations of 
vitamins in concentrated form for use where the fresh foodstuffs are 
not available or where it is desirable to eliminate every variable in 
nutritive factors except the one xmder consideration. 

The first concentrate of A was the " butter oil " * prepared by Os- 
borne and Mendel,^ but this was found to deteriorate on keeping, 
even under the best conditions, so that within a year its ef&cacy was 
almost entirely lost. A more satisfactory preparation was obtained 
from dried plant tissues by extracting with etlier. The oily residue' 
obtained when the ether was distilled amounted to about three per 
cent of the weiglit of the dried plant. Most of these oils were potent 
in stimulating growth. A striking exception was found in the extract 
of dried tomato which was not effective, ullhougli the dried tomato 
itself gave the best growth obtained in the whole series of expcrimenta 
carried out at that time. Tlie great variation in the ease with which 
diCferent plant tissues yield their vitamin to solvents has already been 
noted,* and apparently the grasses, clover, alfalfa, and timothy, and 
spiwich are particularly favorable sources for this type of preparation. 

Zilva* prepared alcoholic extracts of A from fresh cabbage and 
carrots by allowing the finely triturated foodstuff to stand for 12 to 
18 hours with alcohol, in the proportion of 100 g. of foodstuff to 
500 c. c. of alcohol. This was then filtered and the filtrate evaporated 
in vacuo at 35° C. The residue is said to be effective in promoting 
growth. Steenbock and Boutwell * regard alcohol as the most 
satisfactory solvent for the extraction of A from plant products, hav- 
ing found it considerably more effective than ether in this respect. , 
Benzene also proved fairly satisfactory although inferior to alcohol. 

Since A is not destroyed by drying at moderate temperatures, dried 

> Osborne and Mendel, J. Biol. Chem. 41, 549, 1920. 
» See p. 90. 
« See pp. 111. 112. 
B Zilva, Biocb. J. 14, 494. 1920. 

Steenbock and Boutwell, J. Biol. Chem. 42, 131, 1930. 
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plani prodncfs may be oaed aa a c<mvttas«nt aoora* ai MiHily. C^ 
bofoe and Mendel ^ found ' >f dried ailftUa, clover, timoUor* 

or spnaefa as effecti\-e tis tin iinutr of butter^ai, while >ihed 

toBBto wu 9tiU better. The prodacta used wetv pcwpered fnwa ti»« 
planfc matfftnlff by heatmg m u Israe dher, tbrough wbidi a cumot 
of air ctrcoiatcd at dO"" C. Dr leae. :utd icrindiDg the <iry miudttoft ta 
a powder. 

In making an extract of A, McClendon ^ ai*j> unniu leaver or fmit 
AiOB. Tliese :ire dried, preterably in rhe abwcm-i* oi itxyguu, lUid Uicu 
grannd to a powder. The powder t& moiMcned with oloafaol by bctog 
tlirown into a container half filled wxtb bailing ^ per cent alcohol 
and allowed to remnin wrthout appfintiaB at heat for tw«nty-iuur 
hours. The maea ia rhen placed in a atron^ canvae bag and subjected 
to a prcesoie of 5000 lbs. to the aqtiare inch. The pre eu . c tt ke may 
be ground in a mill :ind re-extracted if deoired in thw aaaie nuuiner. 
If, however, it is desired to recover the aoiveDt, a prelhailutf^ ooocefr' 
Iration may be rarried 'lut in '^ vacuum pan. The product is a sticky 
powder when abmluteiy dry, but it absorbs water from air and be- 
coDies pBB^. It contains remoue or fatty substaaoes. When made 
spinach a hvicroscopic aobrtaoot of WMqr oopetituency i» ob- 
This pn^psmtiun o( A u o utaima a ttfl i u ent fat^sohtble vitamin 
to afford normal zrowth m a rat. when 0.05 to 0.1 gram is added daily 
m cation tree from this factor. 



The methods which have been need for pMfilte^ oaVMllMte ot 

vitamin B fall into three cloeses: (1) thoee in which an extract of 
tbe food substance is evaporated to dryness at low temperaturv : (2) 
those in which the vitamin is precipitated from on extract coula.luiu^ 
[ itt the precipitate after puriScation is decompoeed, and the rebuHing 
evaporated in vacuo; and i3) those in which tho vatauun ia 
by fuUer's earth or soow nmilar absorptive ugeut and the 
'"activated " product thus obUuned used without further treatweut. 
The first method of procedure was used by Boashard aud Heitl** 
who treat sub^ances rich in vitamins, particularly yc^^^t ox vm bxtux, 
with dilute mineral acids at SO'' C until tho hiur«t reuoticm giv^ « 
negative result. The product is filteretl, irewl fr\uu luiueral uuid, 
and then evaporated to dryness at the lowest pi^ssiblo t^aupcrature, 
either without further treatment, or after the oonversion of tbo fttoiuQ 
acids present into their calcium or sodium sali*i By avoiding loo 

r Osborne and Mendel, J. Biol. Chcm, 41, MO, l\m 
'• McCiendon, J. Biol. Cheni. 1921, 411. 

« Boashard and Heftl, J. 8. C. I., 1020, 076A, Oeniuui Pftt^t ^m U^ff^ 
19, 1916. 
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hi^ a temperature or acid concentration, the vitanuns are said to 
be brought unchanged into solution. 

In a process recommended by the Soc. anon, pour I'ind. chim. A. 
B^e,* vitamin preparations are made by comminuting vegetable sub- 
stances so aa to retain the juice, adding a small proportion of acid, 
if necessary, bo as just to neutralize any alkali that may be present, 
and drying in vacuo at a temperature below 100* C. Preparations 
of this sort can be baked into loaves by adding flour and a distending 
agent such as sodium bicarbonate or yeast.** 

Voegtlin *' gives the following method for the extraction of vita- 
min B from animal tissues: 

Extract Jrom ox Uver. — Freah ox liver was minced in a meat chopper and 
dried, first on glaiM plates at about 40" C. in a current of air from an electric 
fan, and then in a \-acuum desiccator. The dried material was then groimd to 
a fine powder and extracted with 95 per cent alcohol for several days at 37" C. 
About two liters of alcohol were used for each kilo of dried material. One 
half of the alcohol waa used for the first extraction, and the remainder for the 
•eoond extraction. During the esctraction the bottles containing the material 
were occadioDally (thaken. The alcohol was then filtered off and evaporated in 
vacuo at 35 to 40" C. until the residue in the fiaak showed a tendency to form 
viscous bubbles which rise in the flask. The viscous residue was then poured 
into a separatory funnel and extracted with about twice its volume of ether. 
Three distinct layers formed, upon allowing the contents of the funnel to stand 
for three hours. The upper layer consisted of an ethereal solution of fats and 
hpoids, the middle layer of a white or yeUowiah insoluble residue, and the 
lower layer of a yellowish or brown colored oil-like substance. The material 
contained in the lower layer will hereafter, for the sake of brevify, be desig- 
nated as the "vitamin" fraction. The "vitamin" fraction was then nm off 
into another separatory funnel, containing ether, and thoroughly agitated. 
After it had settled out, the oily material was run off into a dish and the ether 
evaporated off in vacuo. The yellowish oil had a pleasant, nutty odor, and 
was soluble in water. Cooper states that this material is soluble in absolute 
alcohol, but it n-as found that its sohibility was very slight in absolute alcohol; 
whereas 50 per cent alcohol dissolves it quite readily. In case a sharp separa- 
tion of the various layers was not produced upon extraction with ether, as 
much oily material as possible was nm off, the mixture of oil and solid material 
was run into a diah, freed from ether and the mixture extracted with a small 
amount of 50 per cent alcohol. After filtering, the alcohobc solution was again 
poured into ether and the lower layer was treated as above. The various vita- 
min fractions were then united and the ether evaporated in vacuo. 

Extract Jrom thymui gland. — In tlie preparation of the vitamin fraction 
from the thymus gland of the hog, the following changes were found to be 

• British Patent 133,183, Oct. 15, 1918. 

•• Synthetic fat«, prepared by combining higher fatty acids with glycerine, 
may have vitamins added thereto. (G. Schicht Akt. Gea., British Patent 
160340. Mar. 31, 1921). 

>o Voegtlin. NeiU and Hunter, Hyg. Lab. Bull. 116. 1920. 
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neoeaMry in the above method. Thymus glAads could cot be ground and dried 
in the usual way on account of the difficulty presented by the large amount 
of connective tiaBue. The glands were therefore cut up with sciBftors into small 
pieces and allowed to stand for several days in 95 per cent alcohol; for 0,000 
grams of glands six liters of alcohol were used. The alcoholic extract was then 
ffiltered off, the residue placed in a filter press and the remamder of the liquid 
riemoved in this manner. The pressed-out thymus glands were then minced in 
a meat chopper and again extracted with 8 liters of 95 per cent alcohol. The 
filtrate from the first extraction was evapyorated in vacuo. On account of the 
tendency to foam, the filtrate was slowly dropped into the flask by means of a 
long-necked separatory funnel. The weight of the sirupy residue obtained from 
the first extraction amounted to 120 grams. The second alcoholic extract was 
treated in the same manner. These fractions were then extracted with ether 
in a separatory funnel. The lower layer, containing the vitamin fraction, was 
then nin off and the ether evaporated in vacuo. The greater part of the vitamin 
IB extracted by the first treatment with oloohol. The two fractions were united 
and weighed 181 grams. 

These extracts were, however, considerably less efficient than either 
activated Lloyd's reagent or Funk's fraction from rice polishings. 

Funk^s method of separation by means of phosphotungstic acid 
is described as foUows: " 

Since only relatively small quantities of vitamins are contained in the pre- 
cipitate due to phosphotungstic acid, the separation of these vitamins according 
to this method is accomplished only with extreme difficulty. Funk finds by 
treating the phosphotungstic acid precipitate with acetone, the major portion 
of the precipitate, containing the inactive ingredients, may bo dissolved and 

, eliminated, leaving almost all of the vitamins in the insoluble residue of the 

^ precipitate. Thus the percentage of vitamins in the precipitate may be so in- 
creased that Punk claims these subfttances may be isolated, generally in crystal- 
line form, after decomposing the precipitate and evaporating or concentrating 
the solution. Neutral lead acetate is an effective agent for decomposing the 
precipitate produced by phosphotungstic acid. The method may be employed 
for the treatment of organic extracts, such for example, as extract from the 
th3Toid gland (scutiform glandule), to separate the active substances. 

For example, 350 grams of a moist precipitate obtained from yeast extract 
by means of phosphotungstic acid is ground up in a mortar, together with one- 
half a hter of acetone, causing most of the precipitate to go into solution. The 

rP(»iion insoluble in acetone is separated by filtration and this residue then well 
vafllied with acetone. The residue when dried weighs about 20 grams and 
hence represents only a minor portion of the entire precipitate produced with 
the phosphotungstio acid. This insoluble residue is further treated by well 
mixing and grinding with a solution of neutral lead acetate and then plaoed on 
Ihe filter, the filtrate being freed from excess of lead by treatment with hydro- 
gen sulphide. After filtering to separate the sulphide of lead formed, the fil- 
ttAte is evaporated in vacuo. The resultant product is a white substanoe 

\ COTBtallisiag in the form of needles and weighing from 0^ to 0.3 grams." ^^ 

" U. 8. Patent 1,162,908. 

" Bee alto Eddy, J. Bicd. Chem. 27, 113. 1910. 
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Gux» 1" claims to have obUtoed much more active preparatione by elimi- 
Dating the phosphotungstic acid and treating directly with lead acetate m the 
following manner: The vitamin-containing material is extracted with dilute 
alcohol and the extract freed from alcohol by distillation in vacua The 
aqueoua extract thufi obtained is treated Bucceasively in an acid state by lead 
acetate and in a neutral state by basic lead acetate. The treatment with lead 
acetate in an acid state is cluimed to produce only the precipitation of the 
mo«t of the inactive ingredienta, the active substance remaining in solution. 
By the subsequent treatment with hattw lead acetate in a neutral solution, 
according to Gams, only further impurities are precipitated without appre- 
ciable losM of active subatanoes. The lead is separated and by evaporating the 
solution in vacuo Gams secures a highly active prepsration which is easily 
soluble in water to a clear solution and which he claims mny be preserved in- 
definitely and adapted to be administered per se. The food products or other 
n^bstanoes of vegetable and animal origin employed as parent materials may 
be subjected previously to a mechanical, phsnioal or chemical treatment mak- 
ing their extraction with alcohol more easy, for instance a comminution with 
quartz sand, a plasmolysis, a hydrolysis with dilute acids or alkalis, or a diges- 
tion with pepsin and hydrochloric acid. 

The process is illustrated by the fotlowiog examples: 

Rice bran in a finely-divided state is extracted, in the cold, with dilute 
alcohol and the solution obtained is freed from alcohol by evaporating in 
vacuo. The aqueoun milk>' liquid is separated by docantation from the oil and 
grease floating on iUi surface, is acidified with acetic acid and a solution of 
lead acetate is added until no further precipitate is produced. The clear solu- 
tion, separated by filtering oflf the lead acetate precipitates is accurately neutral- 
ised and a neutralized solution of basic lead acetate is added until precipitation 
is complete. The solution separated from the precipitate by filtering is freed 
from lead by means of hydrogen sulphide or sulphuric acid. In the first oa«, 
the solution obtained by filtering is directly evaporated to dryness in vacuo 
and in the second case the excess of sulphuric acid is removed by the addition 
of barium hydroxid and tlie solution, showing still a feeble aoid reaction with 
Congo indicator, is concentrated in \-acuo. In each case a light yellow crystal- 
line powder is obtained, which is easily soluble in water to a clear solution and 
contains most of the vitamin present in the parent material. 

The weak sulphuric solution, thoroughly freed from the inactive ingredients 
and from the lead, obtained according to the above procedure may be concen- 
trated in vacuo and a sulphuric acid solution of mercviry oxide added until no 
further precipitate is produced. The precipitate is filtered off, washed and 
treated in an aqueous supension with hydrogen sulphide. After the liquid has 
been separated by filtering from mercury sulphide, it is freed from hydrogen 
aulphide by evaporation in a vacuum or by introducing an excess of carbon- 
dioxide and evaporated to dryness in vacuo. The remaining residue is a 
yellow-brown maM, eaatly soluble in water, said to contain the active wb- 
atanoes of the parent material in a concentrated and very pure form. 

The aolution freed from inactive ingredients and from lead, obtained accord- 
ing to the flrrt example, is acidified with oxalic add and a solution of phospho- 
tungatie acid is added until no further precipitate is produced.. The precipitate, 

Cams. BntJah Patent 103.2M. Jan. 4. 1M7; Chem. Abe. U. 1523, 1917; 
> and Schrclber. U. 8. Patent i;a6,»«. July 31, 1917. 
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0epant«d by £Itehag and wubed with water coatAiniog oxalic add, i* >u»- 
pended in water and the remaining ov&lic acid is precipitated with calcium 
eaibooate. The precipitate is filtered oS and the filtrate, freed from calcium 
oompoundfl, is evaporated to dtyueaB in vacuo. There is obtained a yellow- 
brown crystalline powder, easily soluble in water, which is said to contain the 
vitamin of the parent material in a highly concentrated, very pure and per- 
manent form, and which is suitable for purposes of mjcction. 

The use of " activated " fuller's earth was introduced by Seidell.'* 
Washed and pre^ped brewers' yeast, or other source of vitamin ia 
digested for 36 hours at 37.5° C, and the clear liquid from the result- 
ing mass is mixed with about 50 grams per litre of finely divided ful- 
ler's earth. The mixture is shaken and treated with about 1 per cent 
of normal hydrochloric acid to assist settling. The sediment is 
washed with dilute acid and with ethyl alcohol and then dried in 
vacuo over sulphuric acid. The vitamins contained in the yeast ex- 
tract are almost completely absorbed by the fuller's earth. The solid 
extract thus obtained can be taken either in liquid suspension or as 
capsules, about 5 grams per day being an adult dose. 

The particular grade of fuller's earth found by Seidell to be most useful is 
a kind obtained from Surrey. England. Uy the autolysis of fresh yeast followed 
by filtration a clear reddish brown filtrate is obtained containing over 20 per 
cent of solids. This is very rich in vitamin. If fuller's earth is added in the 
proportion of 50 grama per litre and kept in intimate contact with the liquid 
for about half an hour and then removed by filtration, the yeast liquor is found 
to contain practically the same amount of sohda originally present, but ali of 
the vitamin is now firmly attached to the fuller's earth and repeated washing 
does not remove any appreciable amount of vitamin from it. 

Physiological experiments have shown that no deterioration occurred in 
samples of the " vitAmin-activated fuller's earth " kept over two years. I>arge 
amounts of it can be readily accumulated and after being uniformly mixed, it 
can be standardised by physiological tests for its vitamin content. Such ma- 
terial forms a particularly satisfactory starting point for the comparative study 
of various methods for the isolation of vitamins. 

Although vitamin B is destroyed by heating to 120* C. for two hours, in the 
dry state in combin/ition with fuller's earth it can be heated to at least 200* C. 
without appreciable deterioration. Various attempts have been made to remove 
the vitamin, in ita pure form, from its combination with fuller's earth, princi- 
pally by treatment with dilute alkali solutions, but all attempts have ao far 
been unsucceaBful.^*^ 

Eddy and Roper '* applied tfiis method to the separation of the 

" Seidell. U. S. Patent 1,173^17; J. S. C. I. 35. 663, 1916; U. S. Pub. Health 
Reports, 31. 364. 1916. 

"• Seidell, Jour. Ind. Eng. Chem. 1921, 73. Details of experimenta on the 
isolation of the antineuritic vitamin by silver nitrate precipitation are given 
by Seidell (J. Ind. Eng. Chem. 1921, Ull). 

>' Eddy and Roper. Proc. Soc. £xp. Biol. Med. 14. 52. 1916; Am. J. Dis. 
ChUd. 14, 189, 1917. 
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vitamin from pancreatic extract. The minced glands were extracted 
with 95 per cent alcohol, containing enough hydrochloric acid to make 
it about 0.8 per cent acid. The filtered extract was evaporated to 
dryness in a current of air at 25° C. The residue was extracted with 
water, filtered and concentrated in an air current so as to make 1 cc. 
correspond to 2.7 grams of pancreas. Fifty grams of Lloyd's re- 
agent" were added per liter of extract, and the mixture shaken in 
ft mechanical shaker. After standing over night the sediment was 
removed with the suction funnel, dried in a current of air, re- 
powdered, and finally dried in a vacuum desiccator. When the 
activated Lloyd powder is dried it retains its power as a vitamin 
carrier, and when fed to rats exercises the same power as water solu- 
tions of vitamins. 

Frankel and Schwarz " prepared an active fraction from yeast 
by extracting the yeast with 80 per cent alcohol, removing the fats, 
and treating with buKic lead acetate. The lead in the active filtrate 
is removed with hydrogen sulphide, and the filtrate further precipi- 
tated with mercuric chloride. The precipitate is then decomposed 
with hydrogen sulphide, freed from hydrochloric acid, and concen- 
trated in a vacuum. The concentrated syrup is precipitated with 
picrolonic acid, which removes an inactive picrolonate, and the active 
substance is finally precipitated with phosphotungstic acid. The 
precipitate is decomposed with baryta and sulphuric acid, and con- 
centrated in a vacuum. The active base thus obtained is said to be 
twenty-two times more potent than the original alcoholic extract 
when tested by its power to accelerate fermentation. 

A method for the preparation of alimentary products containing 
vitamin B is described as follows: "• Wheat bran, or the husk of 
other edible seeds, is dried at 38° C. under reduced pressure and 
groimd ; the powder may be used as such or an aqueous infusion may 
be prepared from it which can be mixed with gelatin, etc., and formed 
into tablets — or it may be evaporated under reduced pressure to 
produce a dry powder. Filtration of the infusion is optional. 

Water-soluble B also is prepared from wheat germ. This material 
is treated by McClendon's process in the same manner as in making 
a concentrate of fat-soluble A from green leaves (Sec p. Ill) up to 
the stage of pressing out the extract, except that 80 per cent alcohol is 
used. The press-cake is ground in a mill and extracted again in the 

^* A special form of fuller's earth. 

" Frankel and Schwarz, Biooh. Zeitach.. 1920, 112, 203. 
"» " Forget-me'not'Plourt" Ltd., and R. Hulckinson. Britiflh Patent 161,238, 
Deo. 23, 1919; J. S. C. L June. 1921, 406A. 
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same manner. The press juices are concentrated in a vacuxmi pan to 
about one-tenth of the original volume or imtil a precipitate starts to 
form. An equal volume of water is now added and hydrochloric acid 
is introduced slowly and with stirring until a bulky and sticky precipi- 
tate collects. This is filtered off and the precipitate washed with 
distilled water and the washings are added to the filtrate. The pre- 
cipitate is dried and extracted with beosol in an extraction apparatus 
and the benzol is evaporated. The residue contains some of the wheat 
oil. The filtrate is brouglit to pH — 4 to 5 and is fermented until the 
reducing sugar is lowered to about 1 per cent of the original value. 
The yeast is filtered off and added to the next batch of wheat germ 
and the filtrate is evaporated to dryness. In both the filtrate and the 
benzol extract, water soluble B is in quite concentrated form and there 
is practically no loss except the portion absorbed by the yeast and 
which would be recovered in the next batch. A very small dose of 
either the lipoid or water-soluble fraction will cure a pigeon of poly- 
neuritis. The lipoid fraction will re\'ive the hypodynamic heart of 
a turtle, but the water-soluble fraction is not efficacious. Both frac- 
tions stimulate growth."*" 

In view of the rather exteiutve use (^ yeast as a source of B the following 
procees for improving the taste of yeast and rendering it more digestible, is of 
interest.^*" The yeast may first be treated with a solution containing ammonium 
or sodium carbonate or borax and washed to remove the bitter flavor, and disin- 
tegrated in any known way. It is then treated with hydrogen at a pressure of 100 
to 200 atmospheres and a temperature of 100* to 130* C. The liquid thus ob- 
tained may be ured directly, mixed with fats or oils to form an artificial milk, or 
dialysed by electro-osmosis or otherwise to remove salts. The action is facilitated 
by the presence of small quantities of sodium chloride, or organic acids such as 
formic, acetic, tartaric, or citric acid. The yeast may also be first reduced to 
a dry powder and treated with hydrogen in this state. Catatyvts such as nickel 
or palladium may be employed in masses, but not as powder. Higher tempera- 
tures and lower pressures may be employed, in which case the yeast must be 
washed after treatments. 

Vitamin C as found in fruit juices appears to be very easily con- 
centrated. Harden and Zilva " prepared an active antiscorbutic 
from lemon juice by precipitating the organic acids with calcium 

iTb J. Biol. Chem. 1921. 411. Alcohol of 70% strength containing QZ% hydro- 
chloric acid and 96% alcohol likewise acidified were used by Janaen (Physiol 
Abe. 5. 301} to extract rice bran. The extracts were applied to washed white rioe 
and dried. The product was fed to cocks and doves. The latter proved slightly 
more sensitive than cocks to lack of antincuritic ritamin. The metliods of ex- 
traction gave the same result, the vitamin being quantitatively extracted. 

!'• niustrated Official Journal, Mar. 0. 1921; PUnson and VieUc. 

» Harden and Zilva. Btoch. J. 12, 360. 
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carbonate and evaporating the filtered juice in vacuo at 30° C, and 
Harden and Robinson *® report that fruit juices dried in vacuo at 
iow temperatures retain a considerable fraction of their original anti- 
scorbutic potency even after the lapse of two years." Bassctt- 
Smith " has devised the following process by which antiscorbutic 
lozcnRcs may be prepared from lemon-juice: Juice of fresh lemons 
is filtered through muslin, then is passed through filter paper under 
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reduced pressure. The filtrate is evaporated in vacuo over sulphuric 
acid at a temperature of 13.6** to 15.5° C. The residue is a non- 
crystalline syrup, which is worked into as stiff a paste as possible 

»• Harden and Robinson, Ibid. 14, 171, 1920. 

**> See aljK) McClendon, Bowers and Sedgwick, Proo. See Biol. Chem. 
J. Biol. Cbem. 48, ix, 1921 ; Givens aad Macy, Ibid. xi. 
n Bauett-Smith, Lancet, 1920, ii, 1102. 
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to 24 cc. of the juice — the dose for an adult. Each portion is rolled, 
faced with the dry mixture of lactose and gum, and pressed into a 
loienge. Five days are reqiiired for the entire process of manu- 
facture. The lozenges readily dissolve in water containing a amall 
amount of sodium bicarbonate. These lozenges have been found to 
retain their efficacy for at least three months at ordinary tempera- 
tures. At 37^ C. the material darkened gradually, and the vitamin 
became slightly deteriorated. 

Water-soluble C is extracted by McClendon from fruits or tomatoee. 
If oranges are used tliey are pressed and the juice is run into a vessel 
previously filled with carbon dioxide so as to exclude the oxygen of 
the air. Baker's yeast is added and the receptacle is tightly covered. 
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Fermentation is allowed to proceed at room temperature until the re- 
ducing sugar is lowered to about 1 per cent of the original value which 
requires about 24 to 48 hours. The juice is then filtered with the 
exclusion of air and is condensed by spraying (in the apparatus 
described below) in the absence of ox>'genf until the volimie b reduced 
to about one-twentieth of the original volume. It is then thrown into 
four volumes of 95 per cent alcohol and the precipitate thus formed ia 
filtered off and the filtrate sprayed and reduced to dryness with the 
same precautions. The temperature of drying is about 80° C. 5 to 
10 gms. of concentrate C were found to be sufficient to prevent scurvy 
in guinea pigs."' 

McClendon and Dick " have devised a special apparatus for the 
drying of orange juice and milk on a commercial scale, in which the 

"> McClendon, J. Biol. Chem. 1921, 411. 

" McClendon and Dick, Proc. 8oc. Biol. Chem. J. Biol. Chem. 46. x, 1031. 
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liquid is sprayed into a hot-air chamber (56* to 70° C). The time 
of exposiire is only one minute, and the antiscorbutic properties of 
the product are not significantly impaired by the process. 

An apparatus used by McClendon **• for drying extracts of vita- 
mins is shown in Figure 5. A dr>'ing chamber supports a charcoal 
heater furnishing hot flue gas as the drying agent. A. tank above 
the drying chamber contains the vitamin extract which is fed down 
into the dr>'ing chamber through a tube which delivers the liquid to 
& pair of disc distributors of aluminimi. These distributors have saw 
tooth edges and on rapid revolution of the discs the serrated edges 
serve to throw off the liquid as a fine spray into the drying chamber. 
A fan propels the flue gas downwardly across the path of travel of the 
spray and causes rapid drying of the solid constituenta. The dried 
material in the form of a powder settles to the bottom of the drying 
chamber and waste flue gas escapes by a vent in the side of the 
chamber. Figures 6 and 7 show details of the sprayer and fan. 
Combustion in the furnace must be such as to consimiie the ox>'gen and 
yield some carbon monoxide so that oxidizing conditions will not pre- 
vail in the drying chamber.*"* 

Givens and Macy " have reported favorably upon the antiscorbutic 
properties of fruit juices dried by the Merrell-Soule process." Such 
juices are said to retain their potency for from 14 to 20 months at 
least. 



Dubin ^° has given the name Vitaphos to a preparaUcm made from 
corn, autolyzed yeast, and orange juice, and said to contain the anU- 
neuritic, antiscorbutic and antirachitic vitamins, in stable, active 
form. A tentative analysis shows 10 per cent calcium oxide, 15 per 
cent phosphorus (mostly organic), 3 per cent nitrogen and 2 per cent 
fat. Experiments first with pigeons, guinea pigs, and eventually with 
children gave results indicating the product possessed marked growth- 
promoting properties and both preventive and curative properties 
as regards polyneuritis and scurvy. Cases of rickets treated with 

"» McClendon. J. Biol. Chem. 47. 1921, 415. 

"b As the opcntiaa proceeds, the ceiHag of tiie drying chamber gnuhiallj 
gete hotter and if the operation ia not stopped in a short time some of the con- 
centrate ij buraed on tlie ceiling. This may be obviated, according to s private 
oommunicalion from Prof. McClendon, by making the ceiling in tbe form of a 
shallow metal pan and filling this with water. The authors desire to acknowledge 
the courtesy of Prof. J. F. McClendon and tbe Journal of Biological Chemistry 
in granting permission to use the illustrations relating to tbe McClendon drier. 

" L c. xi. 

>« See p. 2S7. » Dobin. BdaaM 61. 71. 1920. 
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" Vitaphos " showed marked improvements and considerable gain in 
weight. 

An interesting preparation has recently been put on the market 
by Page & Shaw, the well-known candy makers. Tliis is a pala- 
table milk chocolate in which are incorporated concentrated extracts 
of the three vitamins. Exact information as to the materials used 
is not at present available, but the manufacturers claim that the 
process of preparation is such as t« preserve the vitamin potency to 
a high degree, and tliat it is possible to blend the three vitamins in 
any desired proportions so as to produce either a balanced ration of 
the three, or one in which any particular vitamin predominates accord- 
ing to individual need. Clinical tests as to the effects of this chocolate 
on children and adults are still in progress, but preliminary experi- 
ments have given very satisfactory results, especially with respect 
to viUmin B. 

Another product on the market, reported to consist of a mixture 
of chocolate and yeast, is known as Chocolate Yeast or C-Y. The 
product is in wafer form and has a pronounced chocolate flavor with- 
out any odor or taste of yeast. Each wafer is said to contain approxi- 
mately the same percentage of yeast as is present in a compressed 
yeast cake. An analysis from the Schwarz Laboratories** showed: 

Dried Yeast tOJBO% 

Fat 38.74% 

Cane Sugar 31.66% 

Cocoa Butter 19.10% 

As there is some objection to feeding vitamins in the form of a con- 
fection, Dass '' has incorporated yeast and peanut butter to make a 
desirable food product. The predominating flavor of peanut butter 
entirely conceals the taste of yeast. The product is stable over a long 
period and appears to be a very satisfactory way to administer yeast. 
Dass also has added vitamins from other sources to peanut butter 
without impairing the flavor of the latter. Yeast decreases the ten- 
dency of peanut butter to cling to the roof of the mouth and in this 
way improves the palatability of the butter. 

Hawk, Smith and Bergheim emphasise the value of yeast as an addition 
to food products. They found bread contauung 10 per cent of the total pro- 
tein iu the form of milk proteins to be inadequate for the normal growth of 
white rats. The addition of yeast powder gave a more efficient ration.*'* 

>" Data fumiiihed through courier of Mr, W. B. McLaughlin, President^ 
Chocolate Yeast Co. 

«T EUia Foster Co., Montclair, N. J. 
>T» Am. J. Physiol. 56. 33, 1921. 
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A oonoentrate known &a Sueto has been examined by Hawk and the formula 
modified by the addition of calcium compounds and dried compressed yeast. 
The dietetic tests made by Hawk on Siisto were favorable. 

A vitamin extract for therapeutic administration is put forth by 
Parke, Davis A Co., imder the name of Mctagen. The product is of 
a dark green color witli an odor recalling hay and contains water- 
soluble and fat-soluble vitamins. Mctagen is offered for use in defi- 
ciency diseases — beriberi, scurvy, marasmus and malnutritions; as 
a supplemental therapeutic agent in rickets and pellagra; as an 
adjuvant in ill-defined disorders of nutrition; in convalescence from 
infectious and other debilitating diseases, and in the nutritional treat- 
ment of wasting diseases, anemia and other dyscracias. 

The usual dose of Metagcn for an infant is half the contents of a 
five-grain capsule, mixed with a small quantity of water, which is 
repeated two to four times daily, between feedings. In the cases of 
older children, three to ten years of age, one capsule should be given 
three times daily, before meals; for children of ten to sixteen 
years the number of capsules should be increased to four. Should 
difficulty be experienced in administering the capsules to children, 
the contents may be removed and mixed with a small portion of food, 
provided it is not hot. The adult dose is two capsules two or three 
times daily, before or after meals.^* 

The suggestion comes from McClendon *' to use tlie peel of citrus 
fruits to make a vitamin tablet. The procedure is to grind orange 
peelings in a meat chopper, then dry and grind in a coEfee mill. The 
powder is made into tablets by the addition of dehydrated orange 
juice serving as a binder. Such tablets contain vitamins A, B, and C 
Similarly ground spinach may be made into tablets with orange juice. 

" Varioua preparations of vitamins combined with certain tonic drugs arc 
now being introduced. Among lliese may be mentioned " Vitamon," a com- 
pound of the thfee vitamins with small quantities of nux vomica and calcium 
glycerophosphatee. No data is at hand with regard to the Iberopeutic value 
of this in human malnutrition. 

Drummond (Am. J. Pub. Health ii, 503, 1921) warns against the commercial 
exploitation of vitamins. 

>* McClendon, .Science 54, 409, 1021. 
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HOW MjUTT VITAMmS ARE THERE? 



The existence of three well-defined vitamins, growth-promoting A, 
antineuritic B, and antiscorbutic C, is apparently well established. 
Some evidence has been accumulated which points to the possi- 
bility of a fourth, which has usually been included with the 
antineuiitic factor on accoimt of similarity of properties, but which 
is distinguished from this inasmuch as it is essential for growth but 
has neither preventive nor curative effect on polyneuritis. 

Assuming, in the latter case, that we are dealing with two distinct 
factors, it will be noted that they show striking uniformity of dis- 
tribution. Although our present methods of investigation are not suf- 
ficiently standardized to make quantitative results entirely convinc- 
ing, in general it would appear as though foodstuffs which are rich 
in antineuritic are also rich in growth-promoting power, and those 
low in antineuritic are also poor in the growth-promoting factor. 
There are, however, several instances in which this fails to hold true. 
WJiile a diet containing 88 per cent of unhusked rice, along with 
casein, salts, and butter-fat, is said to furnish sufficient B for nor- 
mal growth, being comparable to whole wheat in this respect,^ 
Gibson and Concepcion " report that an exclusive diet of unhusked 
rice afforded incomplete protection to pigeons against polyneuritis, 
as was shown by the degenerative changes in the sciatic ner\'e, 
Voegtlin, Lake and Myers ' found the endosperm of corn and wheat 
practically devoid of antinueritic while Osborne and Mendel * as- 
sert that wheat endosperm is rich in growth-promoting B. Accord- 
ing to Chick and Hume, the onion is poor as a source of antineuritic 
factor, being about equivalent to fresh meat in this respect," and 
Chamberlain, Vedder and Williams' report the water extract of 
onion to be without effect on polyneuritic pigeons; on the other hand, 

« McCollum and Davis, J. Biol. Chem. 23, 206. 1915. 
s Gibson and Concepcion. Phil. J. Sci. 9, 119, 1014. 

* VocgtUo, Lake and Myers, Proc. Soc. BioL. Chem., J. Biol. Chem. 41, x., 
1920. 

* Osborne and Mendel, J. Biol. Chem. 37, 657, 1919. 

• Chick and Hume, Tr. Soc. Med. Hyg. 10, Ul, 1916-17. 

• Chunberlain, Vedder and WUliams. Phil. J. Sci. B7, 45, 1912. 

150 



HOW MANY VITAMINS ARE THERE? 



151 



Osborne and Mendel ^ found coofiiderable amounts of growth- 
promoting B present. Chick and Hume (I. c.) place carrots in the 
same class with onions and fresh meat as a source of antineuritic 
factor^ and Davis * foimd that five grams per day afiforded no protec- 
tion against polyneuritis, yet Osborne and Mendel " and Suguira 
and Benedict " agree that they are rich in growth-promoting B. 
Very similar evidence is given with regard to the potato. While 
comparable to carrots in growth-promoting power/^ it is low in anti- 
neuritic factor," although Davis ^* secured protection against poly- 
neuritis by administration of eight grams of raw potato per day. 
Milk is poor in antineuritic substance, according to Chick and 
Hume " and also Gibson and Conccpcion," but remarkably rich 
in growth-promoting power, according to Hopkins." Although other 
investigators tiave not succeeded in attaining normal growth witli 
such extremely small quantities of milk as those used by Hopkins, 
they have demonstrated the presence of at least a fair amount of 
growth-stimulant. Orange juice is said to contain antineuritic fac- 
tor in very small amounts," but Osborne and Mendel " found it 
almost equivalent to milk in growth -promoting power and Funk and 
Dubin.^' using a modification of Williams' yeast test, assert that 
it has about half the value of autolyzed yeaat as a growth stimulant. 
Several observers have noticed considerable difference in the rela- 
tive amounts of the same foodstuff which are required to protect 
against polyneuritis and to induce growth. Schaimiann'" ascer- 
tained that if a ration of a vitamin-containing foodstuff were ade- 
quate to prevent onset of polyneuritis in birds, when this ration was 
added to a diet of polislied rice, loss of weight was prevented. On 

T Oiborne and Mendel. J. Biol. Chem. 39, 29, 1920. 

• Davis, J. Home Econ. 12, 209, 1920. 

* Oiborne and Mendel, J. Biol. Chem. 41, 451. 1920. 

» Suguira and Benedict, J. Biol. Chem. 36, 171, 191, 191S. 

11 Osborne and Mendel, J. Biol. Chem. 41, 451, 1020; McCollum, Sim- 
monds and Parsons, lb. 36, 197, 1918. 

11 Chick and Hume, Med. Res. Com. Report, No. 38, p. 30; Vedder and 
CUrlc, Phil. J. Sci. B. 7, 423; McCoUum and Kennedy, J. Biol. Chem. 24. 491, 
1915-16. 

1* Davis, J. Home Econ. 12, 209, 1920. 

»* Chick and Hume. Jour. Roy. Army Med. Corps, 29, 121, 1917, 

» Gibson and Concepcion, Phil. J. 8oi. 11, 119, 191. 

" Hopkins, J. Physiol. 44. 425. 1912; Hopkins and Neville. Biocb. J. 7. 
97. 1913. 

" Harden and Zilva, Bioch. J. 12, 93, 1918. 

^ Osborne and Mendel, J. Biol. Chem. 42, 465, 1920. 

It Punk and Dubin, J. Biol. Chem. 44, 492, 1920. 

» Schaumann. Trans. 8oc. Trop. Med. Hyg. 5, 50. 1911. 
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the other hand, extracts of these foodstuffs prepared by extraction 
with acid or alcohol, while still sufficient to prevent polyneuritis, 
were no longer able to prevent loss of weight. 

Voegtlin and Towles ** noted that the extracts of autolyzed spinal 
cord may be antineuritir, yet be unable to re-est«blish normal metab- 
olism, i. e., restore body weigJit. Cooper came to the conclusion 
that the substances preventing polyneuritis and maintaining weight 
were separately distributed in natural foodstuffs, since for certain 
of these, in which the two appeared to be evenly balanced, such as 
yeast, ox-heart, and ox-brain, the daily ration required to prevent 
polyneuritis also maintained the weight of the bird, while in others, 
such as egg-yolk, barley, lentils, this daily ration had to be increased 
if loss of weight were to be prevented. Chick and Hume *' observed 
that while three grams of wheat germ every second day prevents 
polyneuritis, two to three grams daily produced great improvement in 
body weight, health, and vitality.'* These results might be interpreted 
either as due to different requirements of the same vitamin for dif- 
ferent metabolic functions or to two vitamins which are present in 
different amounts. The evidence is not con\'incinK on either side. 
Mitchell (1. c.) remarks: In investigations on the comparative anti- 
neuritic properties of foods, the experimental polyneuritis of pigeons 
is almost invariably induced by a diet of polished rice. Polished 
rice is defective in several factors beside the antineuritic. It is 
therefore probable that foods containing comparable amounts of this 
vitamin may be unequally effective in preventing or curing the poly- 
neuritic Bvmptoms, depending upon the extent to which they supple- 
ment polished rice in these other respects. Conversely, foods con- 
taining unequal concentrations of the antineuritic principle may have 
their relative values as sources of the vitamin distorted for the same 
reason. 

Funk" noted that inhibition of growth may^be caused by a diet 
containing vitamin, and regarded this as indication that the growth- 
vitamin is not identical with the anti-beriberi vitamin. This con- 
clusion was not justified, however, since the diet employed was un- 
doubtedly deficient in A. Later" he attempted to separate a growth- 
stimulating fraction from yeast by tlie methods which he employed 
for separating an antineuritic fraction. He states: 

« Voegtlin and Towlei, J. Exp. Pharmocol. 5, 67, 1913. 

»* Chick and Hume. Proc. Roy. So«. 90B. 44. 

« Chick and Hume. Proc. Roy. Soc. 90B, 44. 

" Funk, Z. Physiol. Chem. 88. 352. 1913. ^ 

sfi Fnnk and MBcallum, J. Biol. Chem. 27, 63, 1916. ^ 
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The fractionation of yeast with phosphotungstic acid shows that the growth- 
promoting aubetance is carried down with tho precipitate and a large part of 
its activity is lost during the fractionation. The inAlability of this substance 
when fractionated with silver salts presents greater difficulty than that experi- 
enced during the fractionation of the hrriberi vitamin. . . . The experi- 
mental evidence indicates that considerably larger Quantities of vitamins are 
necessary for stimulating growth than for curing beriberi, and the losses occur* 
ring during fractionation are more apparent in the former than in the lntt«r 
case. However, it must be admitted that while it is imcertain whether these 
two substancDs are chemically different, the results obtained do not exclude 
such a posbibility. LIoyd*s reagent, as recommended by Seidell, has aJitn 
been used as a precipitant without much success, as rat^ which have been given 
the filtrate have also shown increments in growth. 

All attempts to distinguish between the two substances by their 
behavior towards precipitunts have proved a fuilure. While the 
two seem to be precipitated by the same reagents, the loss of activity 
in the course of manipulation is so large that no satisfactory conclu- 
sions can be reached."* Mitchell " points out that tlie growUi- 
promoting factor appears to suflfer more extensive deterioration dur- 
ing fractionation than does the antineuritic, which may be regarded 
as an indication of the existence of two substances instead of one, 
although it can hardly be considered a conclusive argument. Driun- 
mond remarks that it is naturally very difficult to trace the gron-th- 
promoting principle during fractionation, because minute traces of 
that substance do not always demonstrate their presence by causing 
appreciable increase in the body weight of the experimental animal, 
whereas such extracts are often sufficient to cause decided improve- 
ment in the conditi^p of a polyneuritic pigeon.** 

Both the antineuritic and the growth-promoting factors are soluble 
in water and dilute alcohol. According to Osborne and Mendel " 
and Druramond,^" the growth-promoting factor of yeast is insoluble 
in absolute alcohol The antineuritic, on the other hand, is said to 
be extracted by strong alcohol from the foodstuffs containing it."^ 
While acetone and benzene extracts of fat-free wheat embryo are as 
efficient as water or alcohol in curing polyneuritis, these solvents are 
not successful in extracting the growth -promoting B from foodstufifs." 

K See Funk and Macallum, 1. c; Eddy, J. Biol. Cbem. 27, 113. 1916: 
Dnimmond, Bioch. J. 11, 255. 1917. 

2- Mitchell, J. Biol. Chem. 40. 399, 1919. 

»• Drummond, Biodi. J. 11. 255, 1911, 

» Osborne and Mendel, J. Biol. Chem, 31, 149, 1917. 

» Drummond, Bioch. J. 11, 261, 1918. 

«i Eijkman, Arch. f. path. Anat. 148. 523; 149, 197; Fraser and Stanton, 
Lancet. 1910|ii, 1756; Funk. J. Physiol. 43, 395, 1911-12; Cooper, J. Hyg. 12. 
436, 1913. *' McCoUum and Kennedy. J. Biol. Chem. 24, 491, 
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These facte would seem to indicate the existence of two factors, but 
there are sufficient discrepancies in the statements as to solubility, 
even where there is no question of more than one vitamin being in- 
volved, to make us chary of drawing conclusions from this property." 

The stability of the two towards acids and alkalies seems on the 
whole to be very similar. Williams and Seidell " have reported 
an experiment in which they found that when fuller's earth, which 
had been activated by contact with autolyzed yeast filtrate, was 
treated with aqueous alkali it lost its growth -promoting power, where- 
as its antineuritic efficacy was unchanged. Emmett and McKim," 
however, found that even without the alkali treatment, activated 
fuller's earth had very little effect in promoting the growth of pigeons, 
being very inferior to the natural foodstuffs in this respect. They 
conclude that tlie outer layers of the rice grains contain two vitamins, 
one of which cures or prevents polyneuritis and the other produces 
growth, and of these two the yeast vitamin preparation obtained 
with fuller's earth contains chiefly the curative fraction. 

Somewhat more convincing evidence has been obtained from a 
study of the relative stability of the two towards high temperatures. 
This has been very carefully investigated by Emmett and his co- 
workers, from whom the accompanying table summarizing the results 
of earlier investigators has been taken." 

** McCotlum and Davis, J. Biol. Chem. 23. 229, 1915; McCollum and 
Simmonds. Ibid. 33, 55, 1918. 

" WiUianu and Seidell, J. Biol. Chem. 26, 432, 1016. 
" Bnunett and McKim« J. Biol. Chem. 32, 409, 1017. 
•« Emmett and Luros, J. Biol. Chem. 43, 265, 1920. 
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POLYNEXmiTIS (ANTINEURinC VITAMIN) 



U5 



8b 



C 



E 



lib 
12b 



13b 



15b 



Temperature and time of heating 



Section I. Fowl: Pigeon, chickoHi 
and ditck, 

100* C, moist heat 
Kgg yolk, 4 min. 

" in presence of dilute alkali 
Buffalo meat, several days 
Beef, 30 min. 
Yeast extract, 1 hr. 

Wheat embryo, 1 hr. 

Unmilled rioo, 3 hn. 

110^ autoclave, 30 min. 

113*', autoclave, 1 hr. 

Wheat embryo (102-107° for 40 mm.)t 

115", autoclave, 2 hra. 

Unmilled rice, millet, oats, rye, barley 

l20^ 15 pounda pressure, 30 min. 

Beef, eg^ 

Dried peas, unhuUed barley 

120°, 15 pounds pressure, 1 hr. 
Beef 

1^0^ 15 poonds preasure, 1( hn. 
Umuillea rice 



Barley 



DestnictLon 



None apparent 

Total 

u 

None apparent 
Slight 

Very slight 

None apparent 

Appreciable 



Marked 
None apparent 

Total 



Heferenoe 



Cooper (1) 
Steenbock (2) 
Grijns (3) 
Hoist (4) 
Chick and 

Hume (5) 
Chick mtd 

Hume (o), (6) 
Eykman (7) 



Hoist (4) 



Chick and 
Hume (6) 

Eykman (7) 



Vedder (8) 
Hoist (4) 



Weill, Mouri- 
quand, and 
Michel (9) 

Weill, and Mou- 
riquand (10) 



t a, tested curetively by giviDg it to polyoeuritic fowl; b, tested prophylac- 
ticalty by feeding normal fowl. 

t Temperature of the substance itself and length of time it remained at this 
point. 

(1) Cooper, E. A, J. Hyg., 1912, xii, 448. 

(2) Steenbock, H., J. Biol. Ghcm. 1917, xxix, p. xxvii. 

(3) Grijns, Geoeesk, Tijdschr. v. Ned. Ind., 1901, xli, 30. 

(4) Hoist, H., J. Hvg., 1907, vii, 610. 

(5) Chick, H., and Hume, E. M., J. Rov. Army Med. C^orps., 1917, xxix, 121. 

(6) Chick, H.t and Hume, £. M., Proc. Roy. Soc. London. Soriea B, 1919, xc, 44. 

(7) Eykman, C, Arch. Ilyg., 1906, Iviu, 150. 

(8) Vedder, E. B., J. Hyg., 1918, xvii, 1. 

(9) Weill, £., Mouriquand, G., and Michel, P., Compt. rend. Soe. biol. 1016, 
Ixxix, 189. 

(10) Weill, E., and Mouriquand, G., Compt rend. Soc. biol., 1915, bcxviii, 649. 
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^H 


^^^P POLYNTXTims (ANTINEURITIC VIT.\M1N) - C<mhitt*«d ^^M 


^H Seriea 


Temperature and time of heating 


Deetruction 


Reference B 


Section /. Fotcl: Pigrtm, chicken. 




^H 




and duck. — Condudtd 




^^^H 




120*", 16 pounds preesure. 2 hrv. 
UzuniQed rice, Katjidgo beaaa, buffalo 




Grijna(3).Byk- B 




meat 


Total 


man (7) ^M 


^H 17b 


Horse meat 


None apparent 


Bvkman (7) ^^B 
Holat (4) ^^1 


^H 


Rye, unmilled rice, miUet, oate, barley 


Total 


^m 


122^ autocUve, 1 hr. 




^^H 


^M 


Yeast extract and wheat embryo (110- 




Chick and B 




117"for40min.)t 


^ipreciable 


Home (5, 6) B 


^1 


122% autoclave, 2} hrs. 




H 


^M 20a 


Yeast extract and wheat embryo (118- 




Chick and B 




124' for 2 hrs.) t 


Veiy maiked 


Hume (5, 6) B 


^1 


125", autoclave, 2 hrs. 




^^B 


^H 21b 


Unmilled rice and millet 


Total 


Eykman (7) ^^H 


^H 


135*. autoclave, 2 hrs. 




^^H 


^B 22b 


Unmilled rice, rye, millet, oats, barley 
Sectum II. Dogt 


(1 


Holflt (4) ^^B 


^B 


120-130", autoclave, 1 to 3 hr«. 




^^H 


^m 23b 


Horse meat 


Total 


&chaumann(ll) ^M 


^H 24b 


Lean beef in presence of 10 per cent 




VoegtUn and ^^B 




NaiCO, 


1) 


Lake (12) ^^B 




Section III. Cat* 


- 


^^1 


^K 


120", 15 pounds pressure, 3 hrs. 




^^H 


^B 2fib 


Lean beef 


Appreciable 


VoegtUn and ^| 
Lake (12) B 


^B 


** " in presence of 10 per cent 


Total 


VoegtUn and B 




Na,CO> 




Lake (12) B 


^^1 t Tempemture of the subetaoce itacif and length of time it rema 
^H (3) Grijnfi, OnMwk, Tijdschr. v. Ned. Ind., 1901, xli, 30. 
^B k) Hoist, H., J. Ilvic., 1907, vii, 610. 


med at this point. B 


^1 


^1 


^H lb) Chick, H., and dume. E. M J. Roy. Army Med. Coxps 


, 1917, xxix, 121, ■ 


^H (6) Chick, H., and Htune.E.M. Proc. Roy. Soc. London, Sen 
^B (7) Eykman. C, Arch. llvK., 1900, Iviii, 150. 
^^M (11) Schaumann, H., Arch. i^hifTa-u. Tropenhve . 1910, aupp 
^B (12) VoeKtlin, C, and Lake, G. C, Am. J. Physiol., igi&-19, x 


OS B. 1919, xc, 44. ^M 


^^^^H 


xiv, 64. ^^^1 


Jvii, 558. ^^H 
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^^^r GROWTH-PEOMOTING VITAMIN (WATER-60LITBLE B) ^^M 


^H Series 


Temperature and time of heating 


Deetniction 


Reference H 




Section /. Rata 




J 


^^i^ 


90-100° C, dry heat, 9e\'cral hrs. 






^1 


Liver, heart, ludney, brain 


None apparent 


Osborne and 
Mendel (13) 


^1 


100^, moiiit heat 






^1 


Protein, free milk, 2 min. 


"Suae apparent 


Osborne and 
Mendel (14) 


^1 


Milk whey, 6 brs. 


M (1 


McCoUum and 
Davis (15) 


^H 


Elxtract yeaat, 30 min. 


If n 


Dnmunond (16) 


^H 


Kxtract wheat embrvo, in presenoe of 




McCoUum and 




0.28 per cent NaOH, 1 hr. 




Simmonds 
(17) 
Drununond (16) 


^H 


Extract vcast, in presence of 5 per cent 


Marked 




NaOli, 5 hiB. 






^H 


Soy beanR, navy bcan«, cabbage, 40 to 


None apparent 


Daniels and 




120 min. 




McClurg (18) 


^^L 


Soy bpans (120 min). naw beans (90 " 






min.), cabbage (45 min.) in presence 




Daniels and 




of 5 per cent NaHCO*. 




McClurg (18) 


^^r 


Carrotet 


ir fi 


Denton and 
Kohman (19) 


^H 


Yeast. O.I N NaOH for 21.6 hre. in 
cola. 2 hrs. heating 


<( u 


Osborne, 






Wakenun 








and PerT7(20} 


^H 


105% dry heat, several hrs. 






^1 


Meat powder (lean beef) 


II » 


Osborne and 
Mendel (21) 


^H 


Beef extract 


H II 


Osborne and 

Mendel (21) \ 


^H 


Compressed yeaat 


t* *t 


Hawk, Fish- 
back, and 








Bergeim (22) 


^^1 t Plftced in cans, then unmersed in wat«r, and heated at 100° for 2 hre. H 


^H (13) Osborne, T. B., and Mendel, L. B., J. Biol. Chem. imS. xxxiv, 17. ■ 


^H (H) Osborne, T. B., and Mendri, L. B., Carnegie Innt. of Waahington, Pub. H 


^H 156, pt«. i and ii, 1011. ■ 


^^ (15) McCoUuzn, E. V., and Davis, H.. J. Biol. Chem. 1915, xxiii, 247. ■ 
^M (16) Dnimmond, J. C, Biochem. J. 1917, xi, 255. ■ 
^V (17) McCoUum, £. V., and Simmonds, K.. J. Biol. Chem. 1918, xxxiii, 55. ^^M 
^m (18) Daniels, A. L. and McClurg, N. L, J. Biol. Chem. 1919, xxxvii, 201. ^^M 


^B (19) Denton, B£. C, and Kohmnn, E., J. Biol. Chem. 1918, ncxvi, 249. ^^H 


^K (20) Osborne, T, B. Wakeman, A., and FeriT, E. L., J. Biol.Chem. 1919. xxxix, 35. ^^1 
^H (21) Osborne, T. B., and Mendel, L. B., J. Biol. Chem. 1917, xxxii, 309. ■ 
^H (22) Hawk, P. B., Fishbsck, H. R., and Bergeim, 0., Am. J. Physiol, xlviii 211. ■ 
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GROWTH-FROMOrriNO VITAMIN' (WATER-aOLUBLE B)—C»ntimmi 













fltetim f, BaU {ContimuiO 






D 
14 


120*, 15 pound! anmaf% 20 tain. 
Nary bvaos, «bt«|BB 


Kone apparent 


Daniels and 
McClnrt (17) 

Daniels and 
HcChinE (17) 

Dnnmnond (15) 
Cohen and 

Mendel (23) 
Daniels and 

McCloTS (18) 

McCoUum and 
Siromonds (17) 
Daniels and 

McClure (18) 
Daniels and 

McClorg (18) 


lA 

S 
14 
17 


Eitraci, navy beau 

]20*f 16 pomda puiiin, 30 mlft. 
Extract ywat 
Hoy bMut flour 


m n 

Marirfd 
None apparent 


13 

F 
1» 

20 

21 


Extract, n*Ty and acnr bMu, Sd prc*- 

aoMofO.lNNaOH 
120*, Ifi pounds prevure, 40 min. 
Navy beans 

Hoy boans 

Kxtraot, soy b««aa 


H M 

None apparent 
It ti 

tt u 




32 

23 


120*, 16 poundi) prcoBure, 1 hr. 
Wheat embryo, mitk whey 

Clxiract, navy brans, In presence of 
0.1 NNaOH 


II II 

If u 


McCoIlum and 
Davis (15) 

Daniels and 
McClurg (17) 


H 

24 

1 


120*, 15 pounds prossure, 1| hn. 

Navy bean 


(f n 


McCoUnm, 
Simmoods 
and Pitz (24) 


I 
25 

1 


120*, 15 pounds pressure, 3 hrs. 
Lean beef, in preeenoe oif 10 per cent 
Na,CX>, 

S«cHon 11. Yeast eeU 


None apparent 


Voec^Un aad 

Lake (13) 


J 
36 


120*, 15 pounds preasure, 30 min. 
Yeast extract 


Rlifht 


waussMcas) 



(12) TocctUn, C, and Lake, G. C, Am. J. Pbraol. 191*-ld. livii, 558. 
(15) McCofiBm« B. V., and Dsris, M., J. Biol'Cbem. 1915, xxiu, 247. 
(16> DnuBaood, J. C, Biochom. J., UH?, xi, 255. 

(17) M*^^>»>in. M. V^ and Stmmonds, N., J Biol. Cbem. 1918^ xxxbl 5S^ 

* A. L- and McClori, K. L, J, Biol Cb«n 1919. xxrt*. 301. 

B- and M«od«l, L. B., J. Biol. Cbem 191S, xrtr. «2S. 

I) MrTlfciM ¥ V^ Simmonds, N., and PHx, W^ J. BioL. Cbem. ttH.] 

C25J WMmhTs, Jf J- Iii'>l- Chem., 1919, xxzviii, 465, 

»"»■«•** ftod Lurot (I. c.) compare the eff«ct of tt» am* H 
CO pt^Tneoritifl io pigeons and on the rate of pwlh if i 
iinmiu*^ riee ai the excloBive did for piceoas'' miA lift I 
~^Uet, ifrr'*"mf4^ vith UcUUnnixa tali mbctan, Mltar4< 
•> fles Ottaw mS Coac«pcioa, FItfl. J. Boi. ft, U>^ HU. 
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lard for rate. They obtained evidence that the antineuritic vitamin 
(tested on pigeons) in unmilled rice is stable to heat at 120° C. and 
15 pounds pressure for one hour. It is partially altered by heating 
in the air oven at 120" C. for two hours, and totally destroyed at 
120° C. and 15 pounds pressure in two and six hours. The vitamin 
in extracts is more easily altered by heat. The water-soluble B vita- 
min (tested on rats) in unmilled rice appears to be stable to heat at 
these same temperatures, that is, it is not distinctly or totally broken 
down. Whether this vitamin was slightly destroyed could not be 
definitely ascertained due to the lack of quantitative methods. 

Emmett and Stockholm"^ endeavored to obtain further evidence 
on this point by using the Williams* method as a test for the growth- 
promoting B. Tests were made with unmilled rice, unheated and 
heated in the autoclave for 1, 2 and 6 hours respectively at 120° C. 
and 15 poimds pressure. They found no indication that the factor 
which stimulated the growth of yeast cells was altered in the least by 
heating. When the heated rice was tested on polyneuritic pigeons it 
was found to be entirely lacking in antineuritic power. Normal 
rats fed on this heated rice gained in weight, although the gain on 
the rice which had been autoclaved six hours was only moderate. 
It is noteworthy, however, that rats which have been brought to a 
low nutritive plane through lack of B persistently lost weight on ex- 
tracts of heated rice (autoclaved for two hours), while responding 
promptly to dosage with extract of unheated rice. This suggests the 
possibility that the yeast-stimulant is not identical with growth- 
promoting B, 

Much work remains to be done before this pwint can be definitely 
settled. Since, however, it would seem wise to keep in mind the 
possibility of the existence of two vitamins of the B type, we have 
endeavored, so far as possible, to indicate whether it is the antineuritic 
or the growth-promoting power of B which is taken into consideration. 

From autolyzcd yeast Funk and Dubln '* were able to separate 
one substance active for yeast and another which was active for rats 
and pigeons, showing that yeast requires for growth a different sub- 
stance than that needed by animals. They regard the yeast-active 
substance as a new vitamin or a cleavage product of vitamin B and 
provisionally call this substance Vitamin D. An almost quantita- 
tive separation of this vitamin from autolyzed yeast may be made by 
two successive shakings with 100 grams of fuller's earth or of norit, 
per litre. The fuller's earth and norit are decomposed by bar>'ta and 

H Emmett and Stockholm, J. Biol. Cbem. 43, 287, 1020. 
s« J. Biol. Cbem. 48, 437, 1031. 
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glacial acetic acid respectively, according to the method of Seidell 
and of Eddy and co-workers. Norit extracted with baryta does not 
yield an active substance. Vitamin D, according to Funk and Dubin, 
appears to be a definite and specific substance stimulating the growth 
of yeast. Although vitamin D has been obtained from vitamin B, 
86 far as animal experiments have shown, the reverse is not true. If 
therefore most animal testa conducted up to the present time were 
carried out, with a mixture of vitamins B and D it will be desirable 
to repeat these tests with the separate vitamins." 

Considerable work has been done by Frecdman " and others in 
ascertaining the identity of the substance stimulating the growth 
of yeast cells and its relation to the growth of bacteria. Working 
with a strain of hemolytic streptococci and pure yeast cultures, Freed- 
man was able to demonstrate that beef and beef heart infusions, pep- 
tone and autolyzed yeast contained substances that are equally ac- 
tive with respect to the growth of these organisms. Certain specially 
prepared proteins such as casein, albumin, zcin, fibrin, gelatin, cdestin 
and orycinin apparently contain these substances which are active for 
bacteria. Freedman believes these active substances to be similar to, 
or identical with the yeast growth-promoting vitamin D,** 

Pacini and Russell *^ apparently demonatrated the presence of a growth- 
promoting substance in extracts of cultures of Bacillus typhosm. Thj3tt« also 
showed that a favorable influence is exerted on Bacilltut influeruae by the addi- 
tion of sterile bacterial extracts to the broth in which the oi^anism is planted.** 
On the other hand, Cooper *° has found that extracts of BacilUis coU have no 
e£Fect in relieving polyneuritis in pigeons. Damon ** has endeavored to throw 
further light on the subject by feeding to rats the products of the growth of 
Bacillus paraijfphosuB B, Bacillua coU and Bacillua eubtilis. The administration 
of the bacteria was carried out in the followiDg way : The organisms were grown 
in flasks containing 100 cc. of the medium, then killed by autoclaving at 120* 
for fifteen minutes — a procedure that would not affect the vitamin content as 
has been demonstrated by McCollum, Simmonds, and Pitx.*' The culture 

*° See aI.<K) Ennett and Stockholm, J. Binl. Chem. 43, 287, 1920. 

The anti-beriberi vitamin and the separation of vitamin D are discussed by 
Funk (J. Ind. Kng. Chcm. 1921, 1110). 

*i Am. Food Jour. Oct. 1921. 

*» In yeast there is present some constituent, soluble in 70 to 95 per cent al- 
cohol and still more soluble in water, which, when added in small amounts to ft 
medium in which yeast is grown, will increase the invertase activity of yeast to 
a remarkable extent (Miller, J. Biol. Chem. 48, 329. 1921). This substance, 
however, is not identical with tiie growth stimulant. 

*s J. Biol. Chem. 34. 43, 1918. 

'** J. Exp. Med. 33, 763, 1921. 

« J. Hyg. X4, 20, 1914. 

*• J. Biol. Chem. 48, 379, 1921. 

" J. Biol. Chem. ag, 521. 1917. 
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was then concentrated by evaporation on the steam bath to about 15 to 20 cc. 
And finally the organismB were taken up on starch by desiccation in a shallow 
pan at a reduced pressure. This starch bearing the bacteria waa then used to 
replace an equivalent amount in the basal ration and the effect of bacteria noted 
by observing tlie trend of the weight curve. No indication was found tliat 
water-soluble B was formed by the organisms examined, 

Suguira and Benedict " have suggested the possibility that milk 
contains still another accessory substance which is lacking in yeast. 
Tliey base this liypothesis on their observation that a diet of bananas, 
casein, and yeast is entirely satisfactory for growth and reproduction 
of rata but is not sufficient to permit of rearing the young, while the 
addition of 10 cc. of cows' milk to the diet of the mother resulted 
in normal growth of the sucklings. The necessary addition could 
be obtained from " protein-free milk " *• but not from purified lactose 
or the inorganic constituents of milk. 

^ Suguira and Benedict, J. Biol. Chem. 40, 449, 1919. 
*» See pp. 9, 10. 



CHAPTER IX 

R6LE m NUTRmON 

In considering the part played by any factor in the nutrition of an 
animal it ia necessary to dijstinguifih between what is adequate for 
maintenance and what is required for optimum growth. This haa 
been repeatedly emphasized by students of nutrition, especially in 
connection with protein metabolism.^ 

With regard to the vitamins it seems clear that both A and B are 
required for maintenance and growth, although the relative amount 
necessary and the precise part played in the physiological proceesesj 
are still unsolved problems. The r61e of C, apart from its antiscurvy 
effect, is also questionable.'* 

The early experimenters believed that maintenance could be secured 
on diets free from A, but this has since been shown to be a misconcep- 
tion.* McCoUum and Kennedy say: ' 

Judging from the appearance of serious nutritional disturbances ending in 
death, which result from a shortage of the fat-«olub1e A, and the emaciation, 
weakness, and death which follow restriction to a diet inadequate in its content 

1 HcColIum, Am. J. Physiol. 29, 235, 1911; Osborne, Mendel and Ferry, 
Zeitachr. Physiol. Cbem. 1912, 80, 307; Osborne and Hendel, Cam, Pub. 156, 
1911, 8ci. 34, 722; J. Biol. Chem. 12, 473; 13, 232; 15, 311; 17. 325; 23. 439. 

>• Oanassiai and Mancini (Bull. g^n. Therap. 171, 125 1920; Endocrinology 
4t 457) eiproos the opinion that the physiological r61e of vitamins is to regulate 
trophic exchanges in synergic connection with the trophic regulatory functtoo 
of the products of the glands of internal secretion. 

Pigcona on a diet devoid of vitamin B exhibited degeneration of the tu- 
bules and hyperplasia of the interstitial tissue in the teatis. (Novaro, Physiol. 
Abs. 5. 473). 

Many exporimenta on pigeons carried out by Green (Physiol. Abs. 5, 305) 
show that the doily demand for the vitamin B ia not de&nite, but varies with 
the exogenous metaboliam. Tliere appears to be no reason to think that vita^ 
min consumption is related to carbohydrate metabolism any more than that 
of fat or protein. Vitamin B is also required for tissue building. The term 
"vitamin index" is used to denote the ratio of vitamin absorbed in digestion 
to the energy value of the digested food. 

> Osborne and Mendel, J. Biol. Chem. 16, 428. 1913-14; McCollum and 
Davis, 15, 168, 1913. 

* McCollum and Kennedy, J. Biol. Chem. 24, 500. 1915-16. 
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of the wmter-tohdib B, ift seenfl oertain that both these eluees of tmlmown 
dietvy oaosiitae&te are niinir^ «l for mamtenAnee aa well as for growth. . . . 
The ffttr«>luble A appeara to be dispensable whea maintenance alone is iarolved, 
for a somewhat longer p<^od than is the factor B. This ia inferred from the 
fact that pigeons can be brought into the polyneuritic state by feeding a diet 
free from both the essential factors A and B. and can be completely eured and 
maintained in a normal condition for at least 35 days on the same diet which 
brought on the disease, plus the water extract of a foodstuff (rc^ed oats) on 
which rats cannot grow without the addiUoa ot butter-fat, but on which they 
do grow when the latter is added. 



Emmett and Allen * report that tadpoles require both A and B for 
Donnal growth and development, lack of B being possibly more appar- 
ent than lack of A, 

McCollum and Simmonds * conducted a series of experiments on 
rats designed to show a quantitative difference in the vit^imin require- 
ments {A and B) for maintenance and growth. Their basal ration 
consisted of 18 per cent casein, 76^ per cent dextrin, 3.7 per cent salt 
mixture and 2 per cent of agar-agar, to which was added varying 
amounts of butter-fat as source of A and of wheat germ as source of 
B. They stat*: 

Results indicate that there is no low plane of intake of eiths* of these 
Bubfltanoes which can be said to maintain an animal without loss of vitahty. 
When the minimum amount necessary for the prevention of loss of wei^t 
is approached the Ufe of the animal is jeopardized if the diet is continued. A 
quantity of cither the fat-eoluble A or the watcr-«olubIc B which may be just 
sufficient when all other dietary factors are of satisfactory quality, will not. 
when a second factor is leas well constituted, induce well-being m the same 
degree as when a more generous supply is furnished. The animal can tolexata 
being limited to a very low intake of either the dietary A ot B muoh better 
with an otherwise excellent diet than when it is less well constituted. 

It is to be noted that Von Groer • has succeeded in obtaining prac- 
tically normal growth in two babies for the first six months of life 
on a diet almost devoid of fat** and correspondingly poor in A. The 
children were not in a satisfactory nutritive condition, however, as 
was shown by their susceptibility to illness. In any case the experi- 
ment cannot be considered an argument against the indispensability 
of A since the ceatrifuged milk which formed a large portion of the 
diet was not entirely free from A, and the experimental period repre- 

* Emmett and Allen. J. Biol. Chem. 38. 325, 1919. 

McCollum and Simroonds, J. Biol. Chem. 32, 185^ 1917. 

• Von Groer, Bioch. Z. 97, 311, 1920. 

"■ See Mackay, Biochem. J. 15, 19, 1921, and Tottr, /&. 28, on the effect on 
kittens of a diet deficient in fat. 
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sented only a very small fraction of the life span of a human being. 
There are frequent similar instances in animal experimentation of 
periods of growth on a diet which subsequently proved insufficient 
to maintain Hfe.' 

It is generally believed that animals have the power of storing up 
a certain amoimt of vitamin in the body from which they can draw 
in case of need, although this store is soon depleted when the food 
is entirely lacking in vitamins." It is difficult to get direct evidence 
on this point, since it is impossible to be sure that a supposedly 
vitamin-free food does not contain traces of the essentials which may 
be sufficient for the particular individual or species under considera- 
tion for a certain length of time, although long continuance on a sub- 
minimal supply eventually results in nutritional failure. Chick and 
Hume " argued from the very close approximation between the daily 
ration of wheat germ or yeast " required to prevent the onset of poly- 
neuritis and the dose necessary to cure a bird in the acute condition, 
that a considerable store of B is available somewhere in the animal 
body which may be drawn upon to maintain the metabolism of the 
nerve tissue. This store becomes suddenly exhausted, but can be 
temporarily restored by the administration of a small quantity of 
the missing factor in the food. McCarrison^^ judged from their 
atrophy, out of all proportion to other tissues during vitamin Btar\'a- 
tion, that the thymus, the testicles, the ovary, and the spleen provide 
a reserve of accessory food factors for use on occasions of metabolic 
stress. This reserve is, however, rapidly exhausted. Osborne and 
Mendel were formerly inclined to believe that young animals main- 
tained a store of ^1 in their cells on which they could grow for a time, 
but later " experience has not led to definite confirmation of this 
hypothesis. With regard to C, the work of Parsons," referred to 
below, would seem to indicate that tliis is more probably synthesized, 
by certain animals at any rate, rather than stored in the tissue to 
any considerable extent.^* 

Food with a low vitamin content fed to cows has a deleterious effect 
on the offspring and according to the observations of Hughes, Fitch 

T McCollum and Davis, J. Biol. Chem. 23, 233, 1913; Osborne and Men- 
del, Ibid. 45, 148, 1920. 

• Lumiere, Par. Med. 10, 474, 1920. diasenU from this view. 

» Chick and Hume, Proc. Roy. Soc. 90B, 66. 

10 Cooper, J. Hyg. 12, 436, 1913; Bioch. J. 8, 250, 1914. 

" McCarrison, Ind. J. Med. Res. 6. 275. 550, 1917. 

i« Osborne and Mendel, J. Biol. Cbem. IS, 319; 15. 143. 

i> Parsons, J. Biol. Cbem. 44, 587, 1920. 

" Osborne and Mendel, J. Biol. Chem. 44, 148, 1920. 
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and Cave»^^ in some cases calves nursed on substances deficient in 
vitaniins become blind. In one test four calves were iinder observation. 

Two were from cowa which had received a feed low in vitamin during the en- 
tire gestaiioQ period ; the other two were from cows which had received normal 
feed. During the first week the two calves from the experimentat cowi received 
their mothers' milk. At this time one of these cows died and her calf was then 
given the other experimental cow's milk. The two calves from the cows receiv- 
ing normal feed were fed on hent milk exclusively. All four calves wore muules 
80 they could get no other feed. All the calves seemed to be normal for the first 
five weeks, at whiirh time one of the calves receiving the experimental milk be- 
came blind. It died when it was forty-two days old, showing nervous symptoma 
very much like an animal with beriberi. The other experimental calf became 
blind when seventy-eight days old and died nineteen days later with symptoms 
like the first. A calf from a cow receiving normal feed was placed on the ex- 
perimental milk at the time the first calf died. It did not become blind but died 
at the end of nineteen weeks. The two calves receiving the herd milk were still 
normal after a period of eight months. The vitamin content of the feed received 
by the experimental cowa and the milk they produced has been tested by ex- 
perimental animals. The milk is mnch lower in its water-soluble and fat'-eoluble 
vitamin content than the herd milk, but is equal to the herd milk in ita anti- 
ecorbutic vitamin content. The experiment shows that although a cow receiv- 
ing a feed low in vitamins may give a fairly abundant supply of milk, it is of 
such poor quality that it is not an adequate food for her young.**** 

The question of how far the results obtained from observation on 
one species of animal can be used in drawing conclusions as to the 
requirements of another species has already been considered briefly." 
Unquestionably there are certain differences between the different 
species in this respect. McColIum and Kennedy *• assert that the 
maintenance requirement of pigeons for A is less than the growth re- 
quirement of the rat. On the other hand, Steenbock, Kent and 
Gross " found that the requirements of birds for B were far greater 
than those of the rat. 

»*» Am. Food Jour., Oct., 1921. 

i*b Hmne (Biochem. J. 15, 163, 1921) carried out an investigation on the 
antiscorbutic valuo of full cream sweetened condensed milk. Full cream milk 
waa heated in a vessel with continuous inflow and outflow at a temperature of 
80* C. The milk remained at this temperature for about three and one-half 
minutes. The sugar was next added, and at tins point there was access of air. 
The milk next passed to a vacuum condenser where it boiled at about 50* for 
3 hours and was drawn off after it passed a certain viscosity test. It was then 
cooled in bulk, and here again it was exposed to the air. The experiments in- 
dicated that there is no loss of antiscorbutic pot^nt^ in this condensed milk. 
The result is attributed to the fact that the milk is concentrated in vacuo. 

i» Chapter 2. 

M McCoUum and Kennedy, J. Biol. Chem. 24, 497, 191&-16. 

If Steenbock, Kent* and Grou, J. Biol. Chem. 35, 61, 1918. 
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The most striklDg difference between the species would seem to 
lie in the antiscorbutic requirement. The ease and rapidity with 
which scorbutic symptoms can be produced in a guinea pig by a diet 
deficient in C shows remarkable susceptibility to this lack. Man 
and monkeys appear to be almost equally dependent on this factor, 
while rats can be grown and maintained over long periods without 
any appearance of scorbutic symptoms on diets which contain too 
little antiscorbutic, if any, to have any effect in delaying the onset 
of scurvy in the guinea pig, and the requirement of the prairie dog 
apparently resembles that of the rat in this respect.*' 

Harden and Zilva and also Drummond ^" have concluded that 
this independence of the rat is apparent rather than real, since rats 
supplied with orange and lemon juice in addition to a diet containing 
A and B were distinctly better nourished than those to which this 
addition had not been given. With reference to this consideration, 
Osborne and Mendel ^^ suggest that the fruit product fed as a supply 
of C may have functioned merely as an additional source of B, which 
is present in such products, and thus promote the rate of growth by 
the increment of a factor other than the antiscorbutic. Improved 
growth in rate has been observed when the supply of vitamin from 
yeast was increased. Without a demonstration that more yeast, 
which is not regarded as an antiscorbutic, or some other source of B 
should fait to accomplish what is claimed for orange juice added to ■ 
yeast, the conclusion of Harden, Zilva and Drummond is not con- 
vincing. The recent work of Parsons '* casts new light upon the 
question. The curative effects of feeding rat-livers to guinea pigs, 
which had developed scurvy, were investigated and this material was 
found rich in C. Practically no difference could be detected in the 
antiscorbutic content of the livers of rats which had been kept on a 
diet devoid of C and those which had been given orange juice to 
supply this factor. Parsons states: 

It seems entirely improbable that the preacnce of this factor in the bodies 
of these animals ^outd be accidental, especially since the amounts in the 
bodies of the two seta of rats approximate each other bo closely. A synthesis 
of this factor is indicated, both by these results, and by the excellent growth 
and reproduction obtained in rats by the feeding of rations ... in which 
no constituent has been shown to allay scurvy symptoms in the guinea pig. 
Ooflcly allied to this hypothesis of a synthesis is the possibility that the rat 
can utilize some slightly different inactive forms of the antiscorbutic substanoe 

" McCoUum and Parsons, J. Biol. Chem. 44. 603. 1920. 

" Harden and Zilva, Bioch. J. 12. 408, 1918; Drummond, Ihid. 13, 77. 1»19. 

'0 Osborne and Mendel, J. Biol. Chem. 41, 554. 

" Parsons, J. Biol. Chem. 44, 5S7. 1920. 
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into which the active form perhaps might pass oa aging, drying, or through 
some other coadition, and from which it might be rapidly changed in such 
physiological processes as the sprouting of seeds. An alternative explanation 
is that the rat has a very definite food requirement for the antiacorbutto factor 
but that this is quantitatively very amall in comparison with the requirement 
of the guinea pig and has been met in this experiment by the content of the 
soy bean rations used. . . . Some constituent of this diet might presumably 
cany a sufficient quantity of the antiscorbutic factor for the requirement of 
the ratj but escape detection in the light of the much larger requirement of 
the guinea pig. But if this explanation is accepted it is surprising to find sudi 
an abundance of the factor in the bodies of the rats fed on the scorbutic soy 
bean diet. It would be logical to assume that an extremely small requirement 
for a food factor would not necessitate the presence of a relatively large supply 
of that factor in the body of the animal. It is conceivable that the rat has 
acquired not only a lowered requirement but also a phenomenal capacity to 
store the antiscorbutic substance through a biological adaptation to a food 
supply which over long periods of time is very deficient in this substance. 

In this connection note should be made of Funk's experiment," 
in which the extract of tissues of birds which had been killed in the 
last stages of polyneuritis were found to be as efficacious for tlie 
cure of this disease as tissue-extracts from healthy birds. 

Preliminary experiments in an investigation aimed to test the com- 
parative amount of antiscorbutic substance in eggs and in newly- 
hatched chickens appear to give some additional weight to the prob- 
ability of a synthesis of antiscorbutic substance by certain animal 
tissues, or a utilization of forms other than those available to the 
guinea pig. 

The specific diseases known as the " deficiency diseases " which 
result from prolonged restriction in or complete deprivation from 
vitamins are discussed in detail elsewhere. Here it is sufficient to 
summarize the symptoms which have been observed in animals and 
human beings as the result of limitation in the vitamin content of 
the diet. 



The most obvious symptoms of deficiency of A shown by young 
animals are lack of growth , diminished appetite, decline and wasting 
of the tissues to emaciation, sometimes accompanied by diarrhoea, 
weakness, lack of resistance to infection and disease, and ultimate 
death.*' An inflamed condition of the eyes is very commonly re- 
ported (for discussion see p. 234 and ff."). 

" Punk, Zeit. f. Physiol. Chem. 89, 373. 1914. 
s« Osbome and Mendel, J. Biol. Chem. 16, 431; 17, 401, 1914. 
i* Drmnmond, Lancet, 1918, ii, 482; Bioch. J. 13, 95, 1919. Osborne and 
Mendel, 20. 379, 1916. See also Steenbock, Sci. Monthly, 7, 179, 1918. 
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Mellanby.ss while not deaying the necessity of A for growth, believed that 
the amount of growth of a puppy has no relation to the amount of A in the 
diet, although a small minimal amount may be neceasar>'. He notes the poa- 
sibility that puppies have a sufficient store of A in their own tiasuc3 to allow 
of growth for several months, independently of what may be in the diet, 
" Large and rapidly growing puppies require more of the antirachitic factor to 
prevent rickets If, therefore, this factor is identical with A, the presumption 
is that the function of A in the diet of puppies is not so much to ensure growth 
as to promote correct growth; and the greater the amount of growth in any 
period, the greater is the amount of fat-soluble A ncccsairy to keep it along ' 
normal Eines. If this view is correct it can Imrdly be claimed that A is in any] 
different category from the point of view of growth than is the antiscorbutic 
factor, for even in the ahecncc of this latter the rate of growth diminishes and 
there is often rapid loss of weight."*'^ 

Davis *• has carried on a series of long-time experiments in which 
several generations of rats were kept on a diet deficient in ^4. The 
ration used consisted of crushed oats, polished rice and skimmed milk 
ad Ubitum and a limited amount of cooked potato and egg white. On 
this ration the half-grown males grew at 80 to 90 per cent of the 
normal rate for three months. After a period of maintenance they 
became emaciated and died. None lived longer than eight months. 

Most of tlie females reared one litter and a few reared two on the ration. 
All but three of the Utters were bom in the first two months. A second Utter 
of four young was bom when the mother had been 14S days on the ration. A 
female from this lot reared a litter of two young. She was 135 days old at 
parturition, which made 283 days since the beginning of the experiment. When 
the young were 25 days old they were discontinued. This made 306 consecutive 
days for the three generations. Distonded abdomens were conspicuous in all 
of the young bom on the ration. In some caaea this disappeared after four to j 
five months. Xerophthalmia which Osborne and Mendel and also McCoUum) 
and Simmonds have reported in the absence of the fat-soluble vitamin ap-| 
peared at four to five months in the rata bora on the ration. In less than 200 
days all of the animals had cither died or were chloroformed in an eciaciated 
condition. In the litter of 11 young of the second generation bom on the 
ration, in addition to the distended abdomen, and 3ccropbthalmia, small haemor* | 
rhagic spots appeared on the toils, and when they were about 30 days old the I 
end of the tails dropped off. The eyes were pale and a blood count showed) 
4,000,000 to 5,000,000 red blood cells in contrast to n norniul count of S.OOO^OOO. j 
A pofit-mortcm examination of the rats put on the ration as well as those bora, 
on the ration showed the stomach and intestines filled with gas, the intestanes 

" Mellanby. Lancet, 1910, i. 407. 

»^» Attention is called by Potter (Intern. J. Pub. Health i, 86, 1920; Expt, 
Sta. Record 44, 62) to the apparent diversity of opinions and experimental 
facts in recent contributions to the literature of vitamins and to the possibili^ 
of harmonizing some of theae diversities. 

" Private communication, 1020. See also Davis and Outhoiue, Am. J. Dia. 
Child, ai, 307, 1921. 
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dall and brown, and do intropentooal fU visdite, Aitlomsr of Oke ircoad 
ffOMfmlMa boni on tbe cmlioa rereftfed ray mufced aiiMiiM TIm hutpi wm 
white ftnd the lirer and ki^cgrs wtn Mad eokr. !%• boa« ««« v«y fnifi)*. 
Thtiv was »o apfarant beadag of the rftB. 

A bidoloBieal examination ma made on imts from moai of tha Uttwa. Tha 
ocsaaa emmiBed wen heiart, aplren. liver, lung, pancreaa, ludiMy» and ttalaa. 
"Hie Mamtm were remo%-ed immediate^' ^^ autopor and find in Saokar^ fluid, 
imbedded in paraffin, cleared in x>'lol. and st&ined with hacmolovsriia and coain, 
a stain which gives only the maticed diffenonooa. The examinatioa ihowed tliat 
there were very few changes in the ttasuea on this ration. The heait« pattoraai^ 
liver a3d testes remained normal in most caaea. Sli^t ohaogo* wwe found in 
the kidney and spleen. CoDgestion and ohronic inflammation waa frequently 
found, indicating, in aU probability, a awnnndary infeotion, although an effort 
waj made to discard without microsoopioal examination all thoae which garo 
cWdcnoe of infections of the re^irator>' tract. The spleen Aho«*rd very alight 
changes. There was congestion with frequent dilation of venous ainusas. In 
some the congestion was so marked as to made tbe structure. Neorosts or 
dcgencTation of splenic reticulum was not observed. There aeeme<l to be no 
relatioDshjp between the degree of congestion and the duration of the experi- 
ment. The main finding in the kidney was cloudy swelling of the parenohyma 
of the collecting tubules. Thie n-as more marked in tlie tissuea oi the Moond 
generation bom on the ration. An albuminous precipitate was present in ilie 
tubules of some. Congestion atro was found. In plaecs tlm oells of the tubulra 
appeared skeletonized, and the glomerular tufts slightly slirunkou. The liver 
a!H)eared normal in all cases. Necrotic and degenerative clmngosi wrro absent. 
In one lot there was a total absence of red blood oells. Otherwise the stniMure 
was normal. 

Drummond, Emraett and Allen'' had prcviovisly roportwl that 
they could find no outstanding pathological cfFccte from deficiency 
of A. 

It has been suggested that the so-called " war oodcmn " may bo 
due to lack of vitamins; and there is evidence which seems to indicate 
that the vitamin A may be the factor involved," nttliouRli Madaen ■■ 
was inclined to regard this disturbance as n rudimentary form of 
beriberi. 

Hess, McCann and Pappcnhcimcr '•• fed young ruts a diet com- 
plete except for a lack of the fat-soluble vitamin. Tiiey invariably 
failed to grow and generally developed keratitiB. The keratitli de- 
veloped less frequently when the ration included orange Juice, 
If this diet is continued for a period of months the animals diO| either 



>^ Dnmimond, Bioch. J. 12, 9J5; Emmett and Allen. Proc, 800. Biol. Chom. 
J. Biol. Chem. 41, iii. 1920. 

» McCarrison, Ind. J. Med. Res. 6, 275, 550, 191Q; Blgland, Lanoot, 1090, 
1, 243. 

*> Madsen, Ugesk. f. Lacgcr, 80, 613, 1918. 

'** Hess, HcCann and Pappenheimer, J. Biol. Chem. 47, SW, 1021. 
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of inanition or, more often, ot some intercurrent infection. The skelo- 
tons of such rats show no gross changes whateoever. Microscopic 
examination of the bones of twenty-two rata on a ration of this char- 
acter presented definite signs of a lack of active osteogenesis, but in 
no instance lesions resembling rickets. In view of these results and 
their conformity with previous experience in regard to infantile 
rickets, Hess, McCann and Pappenheimer are of the opinion that 
this vitamin cannot be regarded as the antirachitic vitamin, and 
that, if the diet is otherwise adequate, its deficiency docs not bring 
about rickets. 

Harden &nd Zilva*° fed monkeys od a diet free from A and low in fat, 
but complete in all other respects. Of three monkeys one died, showing signs 
of malnutrition and very emaciated; while a second lost weight and displayed 
symptoma of oedema 289 daj^ after the eatperiment had been commenced. 
McCarrison has observed that oedema is invariably associated with massive 
cnlRrgcmcnt of the adrenals in pigeons fed on autocl&ved rice, and that fresh] 
butter contains some substance which tends to protect against oedema, andl 
which was not present in a coconut oil. This hypothetical substance appeaiij 
to exert its protective action by maintaining the adrenaline content of the 
renals at a low level. Butter is richer in this substanoft when cows are fed aa| 
green fodder than when fed on dry fodder. 

Kohman *^ discounts the influence of vitamins in the etiology of 
oedema and asserts that a combination of low calories, low protein, 
and excessive fluid intake is sufficient of itself to produce symptoms 
corresponding in all respects to thoBO of war oedema." 

The relation between lack of vitamin B and the nervous disorder 
known as beriberi in man and polyneuritis in the lower animals isl 
well recognized, but it is very probable that this acute stage is much 
less serious on the whole than the less obvious disorders which may 
find their origin in the same cause. McCarrison,'*' who has made a 
very extensive study of the results of deficiency in this factor, asserts 
that complete absence of vitamin B from food is of less practical im- 
portance from the point of view of the production of disease in human 
beings than its subminimal supply. The former leads to rapid dis- 
solution and death, the latter to slow dissolution and disease, 

»> Harden and Zilva, Lancet, 1919, ii, 780. 

■1 Kohman. Am. J. Physiol. 51. 378, 1920. 

" See also Bigland, Lancet, 1920, i. 343; Meiuies, 36, 350, and Mayer, 
J. Am. Med. Assoc. 74, 931, 1920. 

" McCarrison, Ind. J. Med. Res. 6, 375. 550, 1910; 7, 167-325, 633. 1920; 
Brit Med. J. 1919, 1, 177; H, 36; 1020, I, 249; 822; U, 236; Proc. Roy. Soc. 91B, 
103, 1919-20. 



ROLE IN NTTTRinON 



171 



suggesting perhaps some explanation of the great mass of ill-defined 
gastro-intestinal disorders. From his obsen'ations, involving detailed 
post-mortem examination on some hundreds of pigeons, and from his 
clinical experience, Mc Garrison has been led to draw the following 
conclusions: 

" The absence of certain accessory food factors, improperly termed 
* antineuritic/ from tJie dietary, leads not only to functional and 
degenerative changes in the central nervous system, but to similar 
changes in every organ and tissue of the body. The morbid state to 
which their absence gives rise is not to be interpreted as only neuritis. 
The obscrA'ed effects are due to chronic inunitiou, derangement of the 
fimction of the organs of digestion and assimilation, functional dis- 
turbance of the glands of internal secretion, malnutrition of the nerv- 
ous system, and hyperadrenalincmia. Certain organs undergo hyper- 
trophy, other atrophy." "* 

Thoee which atrophy, and ta order of severity nazaed, are thymus,^^ tes- 
ticles,'" spleen, ovary,'* pancreas, heart," liver, kidnej'a, stomach, thyroid" 
and brain. The pituitary gland showeil in adult birds a slight teDden<7 to 
enlargement in malea only. 

Funk and Douglas report that a taige number of the secretory colls of the 
pituitary gland are destroyed. The enlargement of the adrenals is a true hyper- 
trophy in so far as it is associated with proportional increase of the adi^aline 
content of the gland.'* The quantity and quality of adrenaline in the hyper- 
trophied organ is, area for area, approximately the eame as that found in the 
adrenals in health. The hypertrophy is equally well marked in both sexes. 
McCarrison found that oedema was invariably accompanied by great hyper- 
trophy of the adrenal glands, while 85 per cent of all cases having great 
hjrpcrtrophy of these organs had oedema in some form. The amount of adrena- 
line, as determined by physiological methods, in such cases has been consider- 
ably in excess of that found in coses not presenting this symptom, and greatly 

"• Osborne and Mendel (Proc. Soc. Exptl. Biol. Med. J7, 46, 1919) con- 
ducted experiments on r&ts in whose diet fruits and fruit juices fumiAhed the sole 
source of vitamin B. More than 5 g. per day of fresh apples and pears avert 
the characteristic decline in weight observed where viteuuin-free dieta devoid 
of this vitamin are used. Fruits are too bulky to permit the feeding of more 
than 10 g. per day. Ten c. c. of orange juice per day suffice to promote con- 
siderable growth. The inner peel of the orange apparently contains both kinds 
of water-solubte vitamin. 

■* Sec also Emmett and Allen, Proc. Soc. Biol Chem. J. Biol. Chem. 41, 
liii, 1920; Funk and Douglas, J. Physiol. 47, 475, 1914. 

" See also Dutcher, Proc. Nat. Acad. Sci. 6, 10, 1920. See also Funk and 
Douglas, 1. 0. 

" See also Funk and Douglas, 1. o. 

" See also Dutcher, Proc. Nat. Acad. Sci. 6, 10, 1920. 

" See also Punk and Douglas, 1. o. 

** See also Emmett and Allen, L c. 
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in excess of that found in normal adren&it). Inanition gives rise to a simitar state 
of adrenal hypertrophy and to a similar state of atrophy of the other organs, 
the brain itself possibly excepted. The oedema of inanition and of beriberi ia 
believed to be initiated by increased production of adrenalin, acting in associa- ^ 
tion with malnutrition of tJhc tissues. Failure of circulation and venous stasis 
may subsequently contribute to it, and age is an important factor determining 
iia oocurrecce. This finding is held to account in a great measure for the occur- 
rence of war oedema among prisoners of war in Germany. 

Gastric, intestinal, pancreatic, and biliary insufficiency are, accord- 
ing to McCarrison, important consequences of a diet too rich in 
etarch and too poor in \itamins and other essential constituents of 
the diet. A state of acidosis results from the absence of so-called 
antineuritic vitamin, which state is due to imperfect metabolism of 
carbohydrates and to acid fermentation of starches in the intestinal 
tract. Chemically it is evidenced by progressive slowing and deepen- 
ing of the respirations. He suggests that some of the obscure meta- 
bolic disorders of childhood be examined from tliis point of view as 
well as from that of starvation of the glands of internal secretion. 

Great atrophy of muscular tissue results from a deficiency of acces- 
sory food factors. McCarrison holds that this ia due, in part, to 
disturbance of carbohydrate metabolism in consequence of disordered 
endocrine function, and in part to the action of the adrenals in supply- 
ing blood to the vegetative organs of the body at tiic expense of the 
muscles. The central nervous system atrophies little ; paralytic 
symptoms when they occur are due mainly to impaired functional 
activity of the nerve cells, much more rarely to their degeneration. 

Pigeona on a diet of autoclaved milled rice (deficient in both A and B) 
showed congestive and atrophic changes in all coata of the bowel, lesions of ita 
neuro-muscular mechanism, impairment of digestive assimilative processes and 
failure of its protective resources against infection. Great su.sceptibility to 
various septicaemic and tuberculosis infections were also shown. McCarrison *^ 
suggests that certain gastro-intcstinal disorders in the human subject (o. g. 
mucous disease, celiac disease and chronic intestinal stasis) may owe their origin 
to subminimal supply of scoeasory food factors protracted over long periods 
of time. 

Since both inanition and a diet too rich in starch and too poor in 
vitamin lead to depression of biliary, pancreatic, and gastro-intestinal 
functions, it follows that if these functions are exposed in addition 
to toxic or bacterial infection their depression will be manifestly 
greater. Tlie many toxic influences to which human beings are sub- 
ject under conditions of food deficiency must play an important part 
in further depressing these organs and tissues on which normal 
«> McCarrison, Brit. Med. J. 1919, U, 36. 
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metabolism are dependent. That abnonna! putrefaction in the in- 
testine actually exists in beriberi is shown by the increased indican 
content of the urine. The toxic products of the intestinal bac- 
teria or parasites may thus assume a role of high importance in the 
genesis of morbid states which were no doubt initiated by the dietetic 
defect. Vitamin deficiency renders the body very liable to be over- 
run by a rank gro^rth of bacteria." 

Moakeys fed on a diet of autoclavcd milled rice, with or without the addi- 
tioQ of butter-fat. died within two or three weeks, death being more rapid in 
the group given butt«r-fat thaa among those fed on rice alone. There was no 
evidence of polyneuritia." the eymptoms noted being progressive anaemia, 
gastro'intestinal disordeiB, and progressive asthenia. The stomach and ab- 
dominal walls were greatly thinned and the whole gastro-intestinal tract showed 
congestive, necrotic, and inflammatory changes, with degenerative changes in 
the neuro-muacukr mechanism, leading to dilation of the stomach and baUoon- 
ing of areas of the intesttno.^^ 

This also points to the conclusion that dietaries which are deficient 
in vitamins and protein, and at the same time excessively rich in 
starch or fat, or botli, are potent sources of disease, and especially 
of gastro-intestinal disease. An excess of fat, in association with a 
deficiency of B vitamin and protein and superabundance of starch, 
is peculiarly harmful." Under such conditions the invasion of the 
blood and tissues by bacteria is greatly favored. 

Obaer^-ations very similar to those of McCarrison were made by Emmett 
and Allen *'^ on rota which had been deprived of B. The various tissues ex- 
amined histologically were: Thymus, thyroid, pancreas, testes, ovaries, adrenals, 
Uver, spleen, ilium, colon, kidneys, heart, lungs, brain, optics, lower cord, and 
sciatic nerves. The most noticeable chaDge.s were found in the almost com- 
plete atrophy of the thymus; hypertrophy of the adrenals; passive congestioa; 
fatty infiltration; and at times fatty deReneration in the liver*" and some 
atrophy of muscle fibers of the heart. In addiitioD there was more or less pas- 
sive congestion in the pancreas, spteen, ilium, colon, kidneys, and lungs. 

Vczar and Bogel,'^ in studying the effect of various accessory food 
materials, found that the alcoholic extract of vitamin B from bran 
gave a marked vasoconstriction, wliich was, however, not obtained 
with an aqueous extract of the same material, and which was there- 

*^ See also, Drummond, Bioch. J. 13, 53, 1919. 

*■ But compare Gibson, see p. 207. 

*• See also Hewlett and de Korte. Brit. Med. J. 1907, U, 201. 

M See also Emmett and Allen, J. Biol. Chem. 38, 325, 1919. 

" Emmett and Allen, J. Biol. Chem. 41, liii, 1920. 

40 See also Funk and Douglas, J. Physiol. 47, 475, 1913-14. 

" Vesar and Bogel, Bioch. Zeits. IDS, 1920. 
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fore probably due to Bomething other than vitamin B. Siniilarly, 
extract of A from butter gave a vasodilation, but Uie same effect was 
obtained from aqueous extract of butter, which renders it improbable 
that vitamin A was the potent factor. 

Atrophy of the acxtial gl&oda u a result of ritamia de6ciency haa been] 
noted repeatedly," and would account for the sterility frequently observed' 
among animale on a deScient diet.*'' McCarriaon^ says: ** Profound atrophy 
of the reproductive organs is an important consequence of vitaznm deficiency. 
It leada to cessation of the function of opcrmatogenesis. In the human subject j 
such degrees of atrophy would result in sterility in the males and in amenorriiea 
and sterility in the females. This finding is held to account in great measure 
for the occurrence of " war amenorrhea." In this connection it may be noted 
that Miles ^^ has reported a case where 24 young men kept for four months on 
a restricted diet reported without exception a pronounced reduction of sexual 
instinct, 

Dutcher and Wilkins '^^^ have obser\'ed that the testes of cockerels 
did not develop on a diet of polished rice, but when the rice was sup- 
plemented with small amounts of green alfalfa there was no atrophy 
of the testes and when alfalfa was added to the diet of cockerels which 
had been on a rice diet for 36 days the atrophied testes began to 
increase in weight. Tliat the observed atrophy is not merely the result 
of general inanition was indicated by its appearance while the birds 
were actually increasing in body weight and by the small amoimts of 
alfalfa necessary to produce improvement. 

Madsen '^^ suggests that a lack of vitamins is a factor in chlorosis, 
anemia, neurasthenia, and vasomotor disturbances. This is borne 
out by the statement of McCarrison (1. c.) that the red cells of the 
blood are diminished by about 20 per cent after a period of vitamin 
deficiency. 

Mattill "•* states that the total solids, urea and non-protein nitro- 
gen of the blood are normal in rats deprived of B, while the creatinine 
is at the fasting level, and the creatine slightly higher than in fasting 
animals. 

«« Pttnk and Douglas, J. Physiol. 47, 475, 191^-14; McCarrison^ I. c; 
Wilkins and Dutcher, Sci. 52. 393, 1920. 

** Drummond, Biocb. J. 12, 25. 1918; Abderhalden. Arch. ges. Physiol. 175, 
187, 1919. 

" McCarrison, Brit. Med. J. Feb. 15, 1917. 

*i Miles, J. Nerv. and Ment. Dis. 49, 208, 1919. See also Reynolds and 
Macomber, J. Am. Med. Asm. 77, 169, 1921, on defective diet as a cause of 
stcriUty. 

Bi* Dutcher and Wilkins, Am. J. Phyetol. 57, 437, 1921. 

" Madsen. Ugesk. f. Laeger, 80. 613, 1918. 

**• Mattiil, Sci. Aug. 28, 1921, 170. 
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In addition to its antineuritic properties vitamin B exerts a pro- 
nounced effect on growth."* Parallel with increased growth ia 
markedly increased appetite. 

Drummond ^* noted that the food consumption of rats fed upon 
the deficient diet is low, being in all probability reduced to that suf- 
ficient to supply the calorific requirements of maintenance, and adds 
that an increased food consumption may be brought about by addition 
of flavoring agents, such as meat extracts, to the diet, but unless 
this agent contains the water-soluble substance it causes no increase 
of growth. "Addition to an inadequate diet of extract containing B 
causes greatly increased food intake, immediately followed by growth. 
The amount of growth is, within certain limits, proportional to the 
amount of accessory substance added, provided the diet is adequate 
in other respects. There is e\'idence that the length of time a rat ia 
able to maintain himself upon a diet deficient in water-soluble sub- 
stance without suffering serious loss of body weight is directly propor- 
tional to the age at which the restriction is imposed." 

Osborne and Mendel °° remark in this connection: 

If for asy re&aon the food intake falls below the normal, the amount of 
vitamin consumed likewise falls, with the effect of impairing the condition and 
further rexiucing the food intake. Thus the infiuence of the vitamin is con- 
tinuousty dimioiBhing and consequently also the food intake. Whether the 
watef'SolubJe vitamin simply mcreases appetite and hence promotes growth, 
or whether it supplies some essential chemical factor which renders growth poft- 
Bible cannot be determined by any data heretofore recorded. The fact remains, 
however, that the addition of vitamin to a ration containing too little of this 
factor is followed by a very marked increase in food intake with accompanying 
rapid gain in weight. On the other hand, loss of weight on vitamin-poor diets 
almost invariably precedes a lessened intake of food. This suggests that the 
impaired health of the animal is due to insufficiency of an essential food fac- 
tor rather than to an insufficient quantity of food. Conversely, when the water- 
soluble vitamin is increased in quantity, after a decline on a vitamin-poor 
diet, the increased food intake which follows is perhaps due to an improved 
ph3rsical condition caused by the vitamin, for the resulting rapid recovery in 
body weight must necessarily be accompanied by a correspondingly greater 
food intake. 

Hopkins ** is of the opinion that the desire for food is a conse- 
quence of the increased food requirements due to the laying on of 



" For discussion as to whether there are one cv two vitamins invcdved h«rs 
laee Chapter Vm. 

" Drummond, Bioch. J. 12, 25, 1918. 

»<> Osborne and Mendel. J. Biol. Chcm. 37, 194, 1919. 

M Hopkins, J. Physiol. 44, 442. 



176 



VITAL FACTORS OF FOODS 



new tissue. Little as we know in detail with regard to the factors 
(other than aesthetic ones) which control appetite, it is physiologi- 
cally axiomatic that the rate of the metabolism and, in immature 
animals, the rate of growth, are of fundamental importance in deter- 
mining the amount of food that a healthy animal will in the long run 
voluntarily consimie. What in this sense is a diminution of appetite 
determines the diminished relative consumption of food observed 
when a small animal grows larger; the proportionate rate of metab- 
oliam and the relative velocity of growth are both diminished in the 
larger animal, and the consequently lessened demands are, under 
natural conditions, followed by a smaller relative consumption. 
Again, while the young animal eats sufficient for growth as wdl as 
for maintenance, the adult is content with an intake sufficient 
for maintenance alone. It may be argued that the voluntary intake 
is directly affected by the presence or absence of the growth impulse 
in the tissues; but it appears more likely to be the actual occurrence 
of the growth processes, t^e laying on of new tissues with its own 
metabolic demands, that affects the instinctive appetite. Only those 
perhaps who have had the experience of feeding animals with excess 
of food, and have noted the amount eaten for considerable periods, 
will realize how wel! adjusted, under normal circumstances, is the 
instinctive appetite to the physiological neods.'^ 

If then a factor or factors essential to growth be missing from, or 
deficient in, a dietary, the consequent arrest of, or diminution in, 
growth energy may diminish the instinctive consumption of food, 
while the supply of such factors may increase consumption as an 
indirect result of a direct affect upon growth. 

Karr " found that feeding dogs on a diet very deficient in vitamins 
resulted in decreasing appetite te the point of ultimate refusal to eat 
at all, unless \'itamin was added. He states that a rather definite 
minimum amount of vitamin B seems to be necessary to sustain the 
desire to partake of food which is otiierwise adequate for the nutrition 
of the animal. The actual amount of vitamin required varied with 
different animals, 0.5 g. of brewery yeast for instance being sufficient 
for some, while others required three times as much. That lack of 
vitamin is the direct cause of the failing appetite was shown by the 



■T See aUo Osborne and Mendel, J. Biol. Chem. 20. 359, 1915. 

Comparative calorimctric studies of faating and aviUmiDOsis have beea 
carried out by Novaro (Pathologica za, 133, 1920; Physiol. AbBtracts 5, 555, 
1921). 

" Karr, J. Bid. Chem. 44, 265, 1920. 
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fact that there vu no cocfa failure when the reqxiisite UDcraoi of 
\itAmin was gxveo from the start as an addendum to the diet. 

Cowgill "* has confinDed the obeier\'ations of KaiT» and demon- 

I Btrated that alcoholic extracts of wheat embryo, rice polishings and 
navy bean contain the appetite-promoting factor. 

In addition to the well-known symptoms of acurvy resulting from 
deficieocy of C, McCarrison ** has noted the following results 
detennined from the histological examination of guinea pigs which 
had been kept on a diet of crushed oats and autocla\^ milk: The 

^ttie and wei^t of the adrenal glands increased, accompanied by 
degenerative changes in ttic cellular elements of the adrenal cortex 
and medulla and marked diminution of the adrenaline content. 'Hie 
bladder showed congestion of the mucous and miiscular coats and 
degenerative changes of the epithelium, with hemorrhagic infiltration. 
In many cases there was considerable enlargement of the thyroid^ the 

• result in the main of congestion and hemorrhagic infiltration of the 
tissues. 

A connection between calcium metabolism and tlie vitamin con- 
tent of the diet is indicated by the work of 6e^*eral investigators. 
Mellanby*** concluded from his study of puppies that substances 
containing and associated with A are particularly concerned in tlic 
calcification of the bones and teeth, a point of view which is confirmed 
by the work of Shipley. Park. McCoUum. Simmonds and Par- 
sons,*^ who found the cartilage and adjacent portions of the mctaph- 
sis of the long bones of the extremities of rats could be rendered 
entirely free from calcium by feeding diets low in .4. After about 
40 days on this ration, when the symptoms characteristic of lack of 
A were well developed, two per cent of cod liver oil was incorporated 
in the diet, with the usual beneficial effects. After a few days the 
animals were killed and their bones compared with those of control 
animals which had received no oil. While no gross differences could 
be detected, microscopic examination showed that those to whose 
diet the oil had been added showed a line of freshly laid down lime 
salt in the matrix of tlie proliferative zones, white the epiphyseal car- 
tilages of the controls were calcium-free. Telfer •*• on the other hand 
states that an experiment with an 8-months-old infant on the in- 

"« CowgiU. Am. J. Physiol. 57^ 420, 1921. 
» McCarrison, Ind. J. Med. Res. 7, 18S, 2S4, 033. 1920. 
«» Mcllanby, Proc. 80c. Physiol. J. Physiol. 52, liii, 1919. 
'1 Shipley, Park, McCollmn, Simznonda, and Parsons, J. Biol. Cbem. 45, 
343, 1920. 

"• TeUcr, Proc. Physiol. Soc., J. Physiol. 54, cv, 1920. 
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fluence of cod liver oil and butter-fat on the retention of calcium and 
phosphorus gave no support to the theory that these substances in 
the diet specifically afifect calcium retention. 

It is believed by some observers that otlier vitamins besides A may 
be concerned in the deposition of calciimi. McCarrison notes that 
lack of B causes thinning of the bones and decrease in the bone mar- 
row. Rarefication and fragility of the long bones and enlargement 
of the junctions of the ribs and cartilages are commonly reported as 
symptoms of scun'y resulting from deficiency of C. 

The recent work of Mellanby " and Howe •' on the connection 
between tooth formation and the vitamin content of the diet is of 
great interest. According to Mellanby, a diet, containing an abun- 
dance of food with which A is associated, allows the development 
of sound teeth in puppies. 

A diet otherwise adequate but deficient in such mbstancea brings about the 
following defects in puppies' teeth: delayed loss of deciduous teeth, delayed 
eruption of permanent dentition, irregularity in position and over-lappiog, 
especially of incisors, partial absence of or very defective enamel, and low 
calcium content. The deficiency iu calcium salts may even result In teeth 
being so soft that they can be cut with the scalpel. The evidence makes it 
clear that this is an instance of diet affecting the teeth from ioside and is in- 
dependent of bacterial sepsis and other conditions associated with food. These j 
results cannot be considered as due to acute illne^ of malnutrition, for the^ 
improvement of the teeth on adding substances containing A is aa character- 
istic as the deleterious effect of the deficient diet, and there is evidence that 
the defective teeth are mo^ pronounced in rapidly growing puppies. 



Mellanby points out that the crowns of the deciduous teeth ofl 
children are for the most part developed before and during the first | 
few months after birth. In order to supply the offspring, the mother 
must have an adequate supply of A in the diet. 

Howe found tliat deficiency in C may also cause serious defects 
in the teeth. Guinea pigs which have been kept on a scorbutic diet 
for a considerable period of time show effects which simulate pyor- 
rhea more closely than does any other condition that has been pro- ] 
duced in animals by experimental conditions. The teeth become I 
elongated, irregular, and very loose; the gums become red and spongy, 
and extensive absorption of the alveolus occurs; the dental pulps 
chow changes before the grosser indications appear. Other effects 
produced are loss of luster by the hair, and sensitive, slightly swollen, 

•* Mellanby, Lancet. 1918, li, 705. 

" Howe, Dental Cosmos, 62. 536, 1920; J. Home Ec. 
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rheumatic joints. He belierv'es that a scorbutic diet may produce 
the same effects in man. 

Various attempts have been made to relate the vitamins A and B 
with phosphorus metabolism, but direct and satisfactory experimental 
evidence is lacking.** 

The close association of A with fats in nature suggests that this 
vitamin might function in fat metabolism, but no direct connection 
could be traced by Drummond,** who found that rats on a diet lack- 
ing A are capable of absorbing largo amounts of free fatty acids and 
of effecting synthesis of these into neutral fata over a considerable 
period of time. He concludes, therefore, that this factor plays no 
important part in the synthesis of fatty acids into fata following ab- 
sorption. The power of absorbing fatty acids and effecting fat 
synthesis is apparently retained after the animal has begun to show 
the characteristic symptoms of lack of A. Drumroond "* suggests 
that fat is dispensable in the diet and only useful for supplying A^ 
a h>^othesis which finds support in the experiments of Osborne and 
Mendel "' in which rats on a diet containing mere traces of fat if 
any, but supplied with an adequate amount of A, grew normally and 
appeared as well nourished as the control animals which received 
liberal quantities of A. These experiments would seem to indicate 
that fats in themselves are dispensable constituents of the diet, ex- 
cept in so far as they serve as carriers of A. 

That vitamin B is concerned, directly or indirectly, in fat metab- 
ohsm is indicated by the experiments of McCarrison with monkeys, 
already mentioned, and by those of Funk and Dubin," who showed 
that the growth of rats on a high fat diet was inhibited more com- 
pletely by lack of B than was the case with those on a carbohydrate 
diet, and these in turn grew more slowly than a group on a protein 
(meat) diet. Of the two carbohydrates, sugar and starch, the latter 
appeared to require more vitamin for its metabolism than did the 
former- With pigeons on the contrary a high fat diet delayed the 
appearance of polyneuritis while a high percentage of carbohydrate 
had the greatest effect in hastening its onset. This effect of carbo- 
hydrate in increasing the antineuritic requirement has been repeatedly 

** Funk, J. Fhyaiol. 44. 50, 19U; Simpson and Edie, Ann. Trop. Med. Par. 
5. 313, 1911-12; Osborne and Mendel. J. Am. Med. Abs. 69, 32, 1917; Padua. 
Phil. J. Sci. 14. 481. 1919; Jelliffe, J. Nerv. Ment. Dia. 49, 522, 1919. 

» Drummond, Biocfa. J. 13, 95. 1919. 

■• Drummond, Bioch. J. 13, 95, 1919. 

» Osbome and Mendel, J. Biol. Chem. 45, 145, 1920. 

» Punk and Dubin, Sci. 52, 447, 1920. 
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observed by Funk •• and was confirmed by Braddon and Cooper/* 
but is denied by Eikjman and Vedder. 

Vedder ^ asserts that the rapidity witli which poljrneuritis develope bears 
no relation to the amount of hcc eaten but depends on the idiosyncrasy of the 
fowl to this deficiency. " Expehmeats perfonned to determine the relation 
of the antineuritic vitamin to carbohydrate metabolism by hand-feeding birda 
witii varying amounts of carbohydrate foods are fallacious if the amounts fed 
are too excessive or too minute. The birds receiving too much die from over- 
feeding and the birds receiving too little die of starvation. Fowls fed o;i steril- 
iied meat or sterilixcd egg will develop neuritis. When fowls are fed on equal 
parts of sterilized meat and rice or sterilized egg and rice, they develop neuritis 
more slowly than when fed on sterilized egg or meat alone. These experiments 
indicate that the antineuritic vitamin is not concerned in carbohydrate 
metaboliam." 

Cramer'* has observed that when the vitamins are withdrawn 
from the diet the peculiar glandular adipose tissue (which appears to 
be functionally related to the thyroid and adrenal glands) disappears, 
although if vitamins are supplied this is retained even under tlie 
conditions which bring about the disappearance of the ordinary adi- 
pose tissue. 

Funk "** has stated that all animal organisms on a diet dc&cient 
in vitamins will in time come into a negative nitrogen balance, even 
though tho diet is entirely adequate in regard to its amino acid con- 
tent, and Degrez and Bierry '* assert that in order to maintain nitro- 
gen equilibrium in absence of vitamins it is necessary to reduce the 
protein and increase the sugar in the diet, the minimum protein, fats, 
and carbohydrates permissible in a diet deficient in vitamin being 
controlled by the chemical nature of the particular class of nutrient 
and the ration of the other two classes present. Drummond,^* on 
the other hand, reports that the only deviation from the normal nitro- 
gen metabolism shown by rats on a diet deficient in B was the appear- 
ance of creatinuria which accompanied the wasting of the skeletal 
muscles. Karr " has recently found that the nitrogen utilization in 
the digestive tract is unaffected by the absence of B and that the 
intermediar metabolism of nitrogen is apparently not materially 
affected by this lack. 

•• Funk, Proc. Physiol. Soc. J. Physiol. 47, ixv, 1913; Ibid., Z. f. physiol. 
.Chem. 89, 378, 1014; Punk and Schonbom, J. Physiol. 48, 328, 1914; Punk, 
Ibid., 53, 247, 1919. 

TO Braddon and Cooper, J. Hyg. 14. 351, 1914. • 

Ti Vedder, J. Hyg. 17, 1-9, 1918. 

" Cramer. Brit. J. Exp. Path. 50, 184. 1920. 

" Funk, Die Vitamine, Wieabaden, 1913; J. Biol. Chem. 27, 173. 1916. 

"f* Degrez and Bierry, C. r. 170. 1209, 1920. 

" Dnuninond, Bioch. J. 12, 25, 1918. 

" Karr. J. Biol. Chem, 44, 277. 1920. 
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In a study of the growth of tumors in mice Van Al8tyn« and 
Beeb« '^ found that 24 out of 26 animals on a diet of casein, lard and 
lactose grew a tumor with fatal results, while on a diet of casein and 
lard only two were killed by the tumor. Sweet, Corson-White 
and Saxon " argued that this result was due to the growth-stimulating 
effect of ihe accessory substance introduced with tlie lactose.'^ From 
their investigations they concluded that timior cells are subject to 
the same laws of growth as normal somatic cells^ the only difference 
being that the tumor cell possesses stronger avidity for the unknown 
sabetance in the diet which is essential for cell growth, and will there- 
fore persist in de'\'e!oping even though the individual is losing weight/* 

While data is constantly accumulating regarding the indispensa- 
bility of the vitamins and the disastrous effecte due to scarcity of 
these factors, hypotheses as to their precise physiological function 
are few and vague. McCarrison" believes that the whole morbid 
process indicative of vitamin deficiency is the result of nuclear starv- 
ation of all tissue cells, since even the adrenals, which alone of all 
the organs of the body undergo enlargement, show on sectioning, 
changes in some of their cells indicative of nuclear starvation. This, 
however, merely changes the form of the question and leaves us ask- 
ing what derangement of functions and processes causes this nuclear 
starvation. Portier's theory •** that the vitamins impregnate nuclear 
substance bringing about " nuclear fecimdation " and thus furnishing 
the cells with an impetus without which they cannot live, is equally 
vague. 

Arguments based on the distribution of the vitamins in the tissues 
are unconvincing, partly because of the contradictory data given by 
different obser%'ers, and partly because of the variety of interpreta- 
tions possible for the accepted results. 

McCollum has attempted to correlate high vitamin content with 
actively functioning cells, with the inference that the presence of 
vitamins in such cells is indispensable for their development. 

Steenbock and Gross** point out that this relation does not by 




" Van Alstyne and Becbe. J. Med. Res. 24, 217, 1913-M. Bee p. 309. 

f* Sweet, CorBon-White and Saxon, J. Biol. Chem. 21. 3U. 1915. 

'• See also Coraon-White» Penn. Med. J. 22, 3i8, 1919. 

^** Hawk, Smith and Bergheim report that strained honey does not appear 
to contain appreciable amounts of vitamins A, B and C. Honeycomb contaioa 
moderate amounte of A. (Am. J. Physiol. 55, 339, 1921). 

» McCarriaon, Ind. J. Med. Kea. 6. 275. 550. 1019. 

«>• Portier, Bull. soc. sci. hyg. 8, 521. C03, 1920. 

*^ Steenbock and Groas, J. Biol. Chem. 40, 603. 1919. 
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any means invariably hold in the plant kingdom, as is shown by the 
great variation in the A content of similar organs, such as tubers andj 
roots. Drummond ** has shown that actively growing animal tissues 
such as embryos and tumors do not contain appreciable amounts of B. 
Swoboda, using a modification of the Williams* yeast test," couldi 
detect little \itamin in tissues high in nuclear material euch as thymus 
and lymph gland, while, on the other hand, yeast with its high con- 
tent of nuclear material is one of the richest sources of vitamin. 

Steenbock and Gross " consider that the vitamin content of liver 
tissue, instead of being due to or associated with its activity as a 
glandular organ, might with equal propriety be looked upon from the 
standpoint of its well known functions as a storage organ, or might 
possibly be attributed to the absorption of substances not indispen- 
sible to the organ but absorbed due to an inefficiency of the 
mechanism which excludes the entrance of substances in amounts 
greater than the needs as these substances are brought to it in the 
portal circulation. Similarly the high vitamin content of the kidney 
may be said to be due to the temporary retention of the vitamin. 
Voegtlin and Towles " found from observations made on the vita- 
min content of the spinal cord that nerve fibres contain the antj- 
neuritic substance, mainly in combined form, which is liberated after 
autolysis of the tissue, and judged from this that the antineuritic 
substance imder nonnal conditions formed an essential part of the 
nerve fibre, and that its presence in the nerve tissue in sufficient 
amounts is essential for proper fimctioning of this organ. The long 
list of compounds, unrelated chemically, euch as betaine, allantoin, 
certain pyriraidines," nicotinic acid," adenine," o-hydroxy-pyridine," 
thyroxin (trihydrotriiodo-oxyindol-propionic acid), pilocarpine, teth- 
elin,*" a-ketogf— propylindol, and n-methyl-^-ethylindolinone,** which 
have been found to exert a curative effect upon avian poly- 
neuritis would seem to indicate, however, that the function of the 
antineuritic vitamin may be merely to provide nerve stimulant, an 
effect which might equally well be produced indirectly. 

Uhlmann *' concluded that the antineuritic vitamin acts on the 

«2 Drummond. Bioch. J. 12, 26, 1918. 

" Swoboda, J. Biol. Chem. 44, 539, 1920. 

«« Steenbock and Gross. J. Biol. Chem. 40, 603, 1919. 

" Voegtlin and Towles, J. Exp. Pharm. 6, 67, 1913. 

" Funk, J. Physiol. 45. 489, 1912-13. 

«' Funk, lb., 46, 177. 1913. 

•« Williams and Seidell, J. Biol. Chem. 26, 431, 1918. 

" Williams, 76, 29, 504. 1917. 

" Dutchcr. J. Biol. Chem. 39, 63, 1919. 

•1 Dutcher, Holm, and Bierman, Sci. 52, 589, 1920. 

'* Vhlmann, Zeit«cb. Biol. 68, 457, 191& 
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sympathetic nerve endiDgs and thus exerts a controlling influence on 
the tones of the muscles in the organism. He was led to this conclu- 
sion by the observation that vitamin extracts act upon animal tissues 
very much as do pilocarpine and choline. The intestinal muscles are 
caused to contract, the action of the heart is depressed, the blood 
pressure is lowered, and the blood vessels dilated exactly as occurs 
when the respective tissues are treated with pilocarpine.*' More- 
over, the action of the vitamin, like that of pilocarpine or choline, is 
antagonised by atropine. 

Vedder ** is of the opinion that tlie antineuritic vitamin is a build- 
ing stone which is essential for the metabolism of the nerve tissues, 
basing his opinion on the following facts: 

1. If the supply of this vit&mia is cut down by feeding exclusively oa 
polished rice, changes in the atnicture of the nen-e fibred of fowla may be demon- 
strated after ooJy seven d&ys on such a diet. The evidence of incipient degen- 
eration at such an early date appeani to indicate that a certain amount of this 
vitamin is constantly necessary in order to maintain the nervous system in a 
healthy condition. 

2. The nerve cella from the cord of fowls suffering from polyneuritia gal- 
linarum present changes very similar to those demonstrated in the nerv'e cells 
of birds tliat suffer from fatigue as the retnilt of long flights. 

3. Fowla suffering from polyneuritis may be completely cured within a few 
hours by the administration of the vitamin obtained from rice poUshinga. 

McCoUum and Simmonds®* suggest that polyneuritis symptoms 
in an animal are due to progressive degeneration of tlie motor cella 
of the spinal cord. Even at the acute stages, however, there are 
normal cells which are capable of functioning if sufficiently stimu- 
lated, and consequently any substance which supplies Ute necessary 
stimulus through its pharmacological action will induce at least tem- 
porary relief. Cramer, Drew and Mortram"' have pointed out that 
in avitaminosis tliere is extreme reduction of the lymphocytes, both 
in the lymphoid structures and in the blood, and that this condition 
is also produced by exposure to X rays and radium. Moreover these 
agents, if used in sufficient amount produce other effects very similar 
to those of avitaminosis, loss of weight, degeneration of the seminif- 
erous tubules of the testes, and ultimate death. They suggest that 
all these agencies may exert a selective action on the lymphoid tissue 
and that this tissue is more important in the nutrition of animals than 
has been supposed. 

•* See p. 173, Vezar and Bogel. 

" Vedder, Proc. 2nd Pan Am. Sci. Cong. Sec. 8, pt. 2, p. 27. 
'^ McCoUwn and Simmonds, J. Biol. Chem. 33. S&, 1018. 
>«• Cramer, Drew and Mortram, Lane. 1921. 1. 963. 
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Lumiere •• ascribes the death of pigeons fed on polished rice to 
starvation from lack of appetite, the result of stagnation of the in- 
gested rice from lack of secretions to aid in digesting it and passing 
it along the alimctitary canal. He concludes that the special function 
of the vitamins is the stimulation of the gastro-intestinal motor func- 
tioning and the secretory functions of the glands with an external 
secretion. Without vitamins the digestive glands cease to function, 
and the animals succumb to loss of these secretions altliough their 
digestive tract may contain abundance of nourishment. On the 
other hand, animals will succumb if deprived of sufficient nourishment 
to keep them in health, even if tliere is abundance of vitamins present. 
About one-third of the animals under observation developed in addi- 
tion to the usual symptoms of starvation the paralytic and cerebellar 
disturbances which have been regarded as characteristic of vitamin 
deficiency. Prompt recuperation when vitamins are supplied after 
deficiency disease has developed testifies to their stimulatory power 
on the digestive glands. The special development of the cerebellum 
in birds to control orientation in fiight requires an extra amount of 
nourishment, so when nourishment is shut ofit by lack of vitamins the 
cerebellum suflera first and the cerebellar symptoms are the first to 
appear. In support of his view Lumiere states that pigeons develop 
polyneuritis as quickly on a starvation diet but with excess of vita- 
mins as they do on the same diet without vitamins. When rice is 
supplied to these pigeons in sufficient amounts they recuperate as 
rapidly as those which have developed polyneuritis through feeding 
on polished rice do when supplied with vitamins. The disease pro- 
duced by feeding a ration of 4 g. of polished rice, 2 g. glucose, and 
1 g. brewers' yeast per day was cured by increasing the amount of 
polished rice. On the other hand, Karr *' concludes from the fact 
that the utilization of nitrogen in the digestive tract is not affected 
by lack of B that the secretions of the glands associated with diges- 
tion and absorption are in no way dependent upon the supply of 
vitamins. 

Uhlmann '* found that the administration of \'itamins to cats and 
dogs, either subcutaneously, intravenously, or by the mouth, caused 
1 ft marked stimulation of the salivary, sweat, gastric, and other glands, 
which is inhibited by atropine. From these observations he con- 
cluded thai the vitamins in the food play an essential part in the 

M Lumiere, Bull. acad. med. Paris, 83, 310; S4, 274, 1920; Par. Med. 10, 474, 
1920; J. Am. Med. Aasoc. 74. 1607, 1920. 
•' Karr. J. Biol. Chem. 44, 277. 1920. 
» Uhlmann, Zeit^ch. Biol. 1918. 68, 419-456. 



ROLE IN NUTRITION 



1S5 



processes of digestion and metabolism through their stimulatory 
action on glands producing external and internal secretions. 

The work of Funk and Douglas, McCarrison, and Emmett and 
Allen, showing the marked degenerative changes in the gLands of 
internal secretion, appear to indicate a very definite relation between 
these glands and the vitamins, and this is further suggested by 
Swoboda*s *" findings that B is present in large quantities in most of 
the organs of internal secretion which are of developmental import- 
ance, but in much lower concentrations in other organs, with the 
exception of the liver and kidney. Hopkins ^"* has given it as his 
opinion that there is increasing probability that the function of the 
accessory food factors is connected with the stimulating of the in- 
ternal secretions. In the light of our constantly increasing knowledge 
of the int^r-relation between the internal Becretions and their immense 
importance in metabolism, the dependence of these glands upon the 
vitamins, could such be proved, would be entirely sufficient to account 
for all the numerous symptoms which have been noted as resulting 
from vitamin deficiency. Accepting this hypothesis provisionally 
we are led to inquire whether there is anything in the nature 
of the vitamins which might explain their effect upon the secretory 
organs. 

There are two classes of factors which play a well-recogni^ part 
in physiological processes, the honnones and the enzymes. In cer- 
tain respects, such as the difficulty met with in attempting to separate 
and identify chemical individuals and notable sensitiveness towards 
heat and reagents, the vitamins show a resemblance to the enzymes. 
Moreover, the predominance of enzymic activity in connection with 
physiological processes inclines us to ascribe all otherwise inexplicable 
results to enzyme action. We liave, however, no definite evidence 
that the action of the vitamins is catalytic. On the other hand, 
Delf's '** observation that the rate of destruction of the antiscorbutic 
vitamin in cabbage leaves is increased only about three-fold for an 
increase of 30° to 40° in temperature would indicate that here at any 
rate we are not dealing with an enzyme-like body. 

The term hormone, meaning a substance which arouses or excites, 
was used by Starling for certain substances which have the power 
of arousing functional activity in the animal organism, apparently 
by stimulating cnayme activity in the cells to which they gain en- 
trance. To this class belong such substances as secretin, the excitant 

•» Swoboda, J. Biol. Chem. 44, 539, 1920. 

2» Hopkins, Roy. Soc. Med. (Sect. Ther. A PhonxL.] Lane. 1010, ii, 979. 

»i Dclf, Bioch. J. 12, 416« 1918. 
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of the .pancreatic gland, and gastrin, the hormone which induces the 
secretion of the gastric juice."' 

The clussification is based on function entirely and is in no way 
connected with chemical nature. Armstrong ^** supposes that the 
metabolism of plants as well as animals is determined by hormone 
and suggests that the substances associated with glucose in glucosides 
for instance may function as hormones, the glucoside being hydro- 
lyzed during germination and providing a hormone which serves to 
stimulate the growth of the seedling. 

It has been suggested that the vitamins are hormones which stimu- 
late the endocrinic glands to produce their secretions, which in turn 
stimulate tlie various cells of the body. Mendel first used the term 
hormone in connection with vitamins,*"* and Hopkins afterwards 
adopted the term " exogenous hormones." Voegtlin and Myers "■ 
have pointed out the close similarity, if not identity, of the anti- 
neuritic vitamin from yeast with pancreatic secretin. They have 
succeeded in relieving to some extent at least the neuritic symptoms 
induced in animals by deficient diets by the administration of se- 
cretin, while on the other hand, when injected into dogs, the anti- 
aeuritic vitamin stimulat<>s the flow of bile and pancreatic juice. A 
yeast preparation which had lost its curative power for avian poly- 
neuritis was likewise devoid of any stimulating effect on pancreatic 
secretion or flow of bile. 

McCollum ^'"' objects to this view. " Food hormones is an objec- 
tionable term because all the evidence available indicates that both 
the fat-soluble A and water-soluble B are never-failing constituents 
of the cells of both animal and plant tissues. They have nothing in 
common with the hormones. The latter are chemical substances 
which are formed in the body by special tissues and contributed to 
the blood stream where they cause the stimulation of certain other 
tissues to physiological activity. They are chemical messengers, 
while the substances under discussion are food complexes apparently 
necessary for all the living cells of the body." 

There seems no reason, however, for thus limiting the conception 
of hormone. Mathews "^ finds some basis for thinking that hor- 

"» Edkins, J. Physiol. U, 132, 1906; Keeton and Koch, Am. J. Phyaiol. 
37, 481, 1915. 

"' H. E. and E. F. Armstrong, Ann. Bot. 25, 607. 

"• See Lu8k, Sci. Nut. 1917, 378. 

10! Voegtlin and Myeri, Am. J. Phyeiol. 49, 124, 1919; J. Pharm. Exp. 
Thor. 13. 301. 1919. 

>** McCoUum, Newer Knowledge of Nutrition, p. 85. 

"T Mathews, Physiol. Chem. 1915, 448. 



ROLE IN NUTRITION 



187 



monea are normally produced perhaps in all cells under the influence 
of the nerves, and that these substances directly stimulate the cell to 
activity. From this point of view there could be no objection to 
regarding the vitamins either as hormones or as precursors of ihe 
hormones of the endocrinic glands. The improved condition noted in 
pigeons after administration of B and the apparent increased meta- 
bolic rate noted in deficiency studies when the lacking essential is 
fifupplied, according to Dutcher, are due to increased activity of the 
glands of the alimentary tract and the organs of internal secretion, 
with the result that foods are more completely digested and assimi- 
lated, and the stimulation of cell activity due to hormone action is 
increased.*"* This investigator has endeavored to relate the anti- 
neuritic vitamin with oxidative processes. He found that the catalase 
content of tissues of pigeons on a diet of polished rice falls until it 
reaches its lowest level at the acute stage of polyneuritis, a result 
which is in accord with Ramoino*s "* observation that the respira- 
tory quotient falls in avian polyneuritis, but when extracts of rice 
bran are added and the pigeons have started to recover the respiratory 
quotient increases to normal. On administration of antineuritic B 
the catalase likewise tended to return to normal. Dutcher believee 
that the vitamin does not itself act as a direct activator of catalase 
but stimulates the organism to greater production of this enzyme. 
In tliis connection Bachman*8 "*• statement that vitamins are essential 
for the growth of anaerobic yeasts while an aerobic yeast grew readily 
in a synthetic medium without the addition of vitamin is interesting. 
Findlay *^*'* has recently confirmed Dutcher's observation that the 
glyoxalase content of the liver is less in pigeons with beriberi than in 
the control birds and concludes that the vitamin does not act as a 
co-enzyme of glyoxalase. 

Tschirch*s theory of the biological function of vitamins "^ in build- 
ing up the animal organism, is as follows: The organism cannot, 
unaided, synthesize from aliphatic amino acids such cyclo compounds 
as, e. g., purine and pyriraidine bases, which are so essential in the 
formation of nucleic acids, or cellular nuclei. The synthesis, how- 
ever, takes place in presence of enzyme-like substances, " Cyclo- 
keiases," i. e., " ring closers," which contain, or perhaps are identical 
with the vitamins themselves."' 

>« Dutcher, J. Biol. Chem. 36. 63, 547, 1919. 

'« Ramoino, Arch. Ital. biol. 65, 1, 1916-17. 

"0 Bachman, J. Biol. Cbem. 39, 235. 1919. 

"» Schweiz, Med. Wochschr. No. 2, 21. 1920. 

»" Haussler. Schweia, Apoth.-Ztg. 68, 621, 634, 655, 1920; Chem. Ab8, March 
19Q1. 701. 
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M cCairison's noievortiiy summary of the hmctiom of vHamina "' 
very ooncifiely aod positiTely sete forth their bearing od heaith and 
diseaee: 

" (1) VitomiDea are fmnntaat i iwtilu c i ito of Urine tUBues. Althoagh present 
in TeT7 Hndl unoimlfl^ BawtcMAM of healA m depeadeat oa Ihcdr actioo. 

** (2) VttanuMa do not t hwr i fl t o eootribote to tfie energy supply of the 
body hot faoliute uttlintioo by H of protein^ fats, cazbofaydimtes and salta of 
food. 

** (3) ProCeins, fata, auhcAiydnleB aod ealta cannot support life without vita- 
mxoo, nor vitamin^ without these proxiznate princ Tirfa»; tfacy are complemen- 
tary to each otiier. Without vitamines, the body sUnrea. 

" (4) A distinct reUtiou^ip exists between tfae amount of ritamtnes required 
and the balance of food in protein, fat. carbohydrate and aalt, the efficacy of 
the t'itamine depending on the compoeiticm of the food mixture. 

" (5) A distinct relation eadstm between the amount (^ Wtamine required and 
the rate of metabolic proeeM. 

" (6) Each ritamine pUya a specific port in nutrition. 

" (7) It ^»pean that ritamine A is asBociated with the metabolism of lipoids 
and calcium, as weD as with chemical reactiooa requisite for growth and main- 
tenance. 

" (8) Vit&mine B appears to be Msnristed with the metaholiwm of caibo- 
hydrates and with the chemical reactions and functional perfection of all eells, 
particularly nerve cells. 

" (9) Vitamine C appears to be awTKHntwl with the metabolism of calcium 
and with the chemical reactions of growing tianica. 

" (10) All vitamines are concerned in the maintenance of orderly balance bc» 
tween destructive and constructive cellular proceasea. 

" (11) One vitamine cannot replace another although its function may be in- 
terfered with by the absence of another. 

" (12) The final result of their efficiency is the same whatever be the degree 
of deprivation, the greater the deprivation the more rapid is the onset of ^mp- 
toms due to it, the lesser the deprivation the slower is the onset of the symp- 
toms due to it. 

" (13) Each vitamine exercises a specific influence on the adrenal glands; the 
effect of their deprivation on these organs is one of the most outstanding features 
of de6ciency diseases. 

** (14) Vitamines influence markedly the production of hormones and all ex- 
ternal secretions. 

" (15) There is reason to believe that the capacity of any given cell for work 
is impaired in proportion to the degree of vitamine starvation. 

** (16) Vitamines aid the tianies in resisting infection. 

" (17) Vitamine, especially vitamine B, induce in the human and animal body 
a desire for food. 

" (18) Vitamines are one link in the chain of essential substances requisite for 
harmonious regulation of chemical processes of healthy cellular action. If the 

>*■ Studies in Deficiency Diseases, Oxford University Press, 1921, Am. Food 
Jour. Oct. 1921. 
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link be farafcoi, hMnuny ceani or becooies diaeord as it maar eeaae or became 
diaeani if 1117 other link be broken. 

" (10) The place of Titaminm in human ecoaMny must be eoomdtnd in coo- 
nection with metabolism as a whole: in connection irith their relation to other 
»w iilisi food lequisiteSp with their relatioa to organ digestion and assimilation, 
and with their rdation to endocrine regulaton of metabolic processes.'* 
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Tbe Atttte it fmttier duuvcterind by nrtleoncaB and per^ura- 
tfiOB St n^A, and occasiooftny by a maiUv c ui BB of tfae fimbs so that 
the child chee oo being hAodled. Many writera desei^ gastro- 
hitwCintil distuibanoes as characteristic of rickets, but Findlay 
states that in his experience nonnal digestkn is the rule rather than 
the cxoepUoD, the characteristic protruding abdomen being due partly 
to dsgenerative changes in the walls of the stooiacfa and Intestines 
and partly to the abnormally small sixe of the thoracic cavity. It 
■My be noted in this connection that scurvy and rickets are not infre- 
quently found in conjunction and the 8>Tnptoms of the one may very 
tasily have been occasiooally confused with symptoms of the other. 

The ends of the long bones are enlarged, especially at the wrists 
and ankles, and the bones themselves are variously distorted. A 
curiouM feature of the disease is the fact that the various bones seem 
to be unequally affected in different cases. In one case the legs may 
suffer chiefly, in another the arms, in still another the thorax^ and in 

> Med. Rea. Com. 8p. Rep. 20. 
' QliMon, De rachttide. Londoc, 1650. 
100 
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Men a0UB Ifce hnd; memaAtkoBt ■ aofc s f ev esses, all pftrti of 
ibt Arfeton br eqaaSy and w^ ^ n^J affected." Very dMimefemrtN 
M tfas " beafi^ - «rf tfe lAa, dM to tfe deickvMnit oC Bodolaa al 
the jwetae of Ae rifaa vtt tin eortai «n«iUsBa, wUcfe if TS7 pran- 
iDcot iDAT be weea aa a abniK of beadi dovn eadi ada fonaiBK ^m 
** rickety roaaiy." 

Analyais Aams tbai the radunc booe is strikia^ dtfiij e ui in oal- 
chnn. Lani^stein lad Meyer* pve tbe foQowing reaaltB for tlie 
an&lysis of a raddtae and a aonaal booe: 

Koi^KmIm. RMhfltitRadiM. 



Owing to Has deficiency the raciutic bones are soft 80 that they 
can readily be cut vith a knife and bend easily. Tbe following clear 
description of the booy structore is taken from Findlay (1. c.) : 

MacTOKopic cAoraeCcn.— On BBctkn of ugr lone bone tbe nioet atnkiag 
abnomulity is the mmuM in width of tbe cactaliauiotts crawi^ KXie. Noi^ 
mellr* this giu w iag aoae it tnJty e line^tbe cpipbyKal Une — forraiag & nar- 
row, glwtfnmg, bbiiA-wfcite bend, iharply demareUmg the diaphyiis from the 
epiphysis. Iq rickHe it is increeeed in thickneg many fold, is irregular, and 
exteods by tongue-like pro ocj e ca into the diaphyiis. Sometimes these areu 
of cartilage are completely cut off &om the growing epiphyseal aooe asd, ae 
soggested by Virchow, may form nuclei for the development later of enchon- 
dromatft. Ooeaaionaily this hyperplastic tissue retains the appearance of having 
been deposited in layen, the one layer being separated from the other by a 
▼mseular sooe. More frequently, however, no sudi arrangement is visible, and 
irregul&r islands of unealdfied cartilage separated by vascular wpmom predomi- 
nate. These vaiicular areas give the idea of byperacmia, and have suggested the 
view that the condition is inflammatory in nature. Tbe narrow cavity seems 
unduly wide, and there is the appearance of increased bony tissue under the 
periosteum. 

Microscopic characters. — On microscopie examination the irregtjlarity of the 
epiphyseal zooe is even more striking. 

At the growing end of the shaft of any long bone of the normal child the 
first change observed is a proliferation of the cartilage cells, which subsequently 
become arranged in rows in the long axis of the bone. The cell opaces enlarge 
and become confluent, forming the primary narrow ppacee. The cartilage cells 
then degenerate, and the spaces are invaded by vessels from the perichondrium, 
accompanied by osteoblasts and connective tissue. Tbe veawls of tite pcriciioQ- 
drium encircle the bone in rows as hoops do a barrel, and thus the invading 
vessels are arranged at different levels and give to the bone a somewhat striated 



» Findlay, 1. c. 
* Langstein and 



Wiesbaden. 



Meyer, Sauglingsemahrung aod SaugtinsetoffwechMl. 
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ftppear&nce.B These br&Dches enter the bone at right angles to the long axis, 
and ramify in the primary marrow spaces; they do not anastomoee, but termi* 
Date aa end arteries. According to Schmidt, these vessels vary in number in 
different bones, and their relative abundance is a measure of the rate of groniJi 
of the bone. TTie cartilaginous matrix between the cells next becomes calcified, 
and thew pillans of calcified cartilage form a scaffold on which bone is deposited. 
The normal body trabeoulae thus formed are occupied for tlie most part by 
almost parallel rows of elongated bone cells, with their processes running at 
right angles to the maigin, and are surrounded by a mere rind of homogeneous 
** osteoid " tissue. 

In rickets there is an excc^ve preparation for the formation of bone in the 
greatly increased depth of the layer of proliferating parallel-arranged cartilage 
cells. The disappearance of the cells is delayed, and oocura erratically, so that 
irregular areas of cartilage remain as such, and are neither absorbed nor infil- 
trated with lime. These tongue-like processes of cartilage alternate with areas 
of partially or almost normally calcified tissue, with an apparent increase of the 
intervening marrow. When ossification occurs it takes place irregularly. 7*he 
trabccul&e persist for Uie most part, however, as homogeneous proceasea with 
or without ghosts of cartilage cells — the so-called osteoid tiaue — with small 
central aones occupied by dwarfed and irregularly placed bone cells. 

It is th« dtvelopmenl of tkia osteoid tissue that is the true character- 
istic histoloffical feature of rickets. 



This disease appears to be remarkably wide-spread. Schmorl * 
states that histological investigation on 386 children dying before 
the age of four ye.irs showed that 90 per cent had rickets. Dick'^ 
has reported that 80 per cent of the children in the London County 
Council schools were found to have s>Tnptom8 of this disease, and 
Pindlay (1. c.) states that evidence points to an incidence of prob- 
ably not less tlian 60 per cent in the general population of the indus- 
trial areas of Great Britain. Hess found that 90 per cent of the 
children in a New York orphan asylum were affected. In a recent 
paper on rickets in Germany, Engel * asserts that Uie number of 
raciiitic children constantly increased during the war. These children 
in many cases were dwarfed, deformed, and in a nimiber of cases im- 
able to walk at tlie age of Uiree, four and even six or seven years. 
It is estimated that in the town of Dortmund, where there were about 
30,000 children, 10 per cent cannot walk. Dalyell • reports from 
Vienna that in one community, which included many breast-fed in- 
fants, rickets was diagnosed in 50 per cent of the children of five 
months and 100 per cent of those of nine montlis of age. 

> Schmidt and Schmorl. Ergeb. d. enn. Med. u. Kind. 4, 403, 1900. 
I* Schmorl Verhand, der. deutach. path. Gesel 1009, 5S. 
[▼ Dick. Ptxk. Ro>\ Soc Med. Sect for Dis. QukL. 1915. p. SI 
[■ Bngel, L&nc ISQQ, i, ISS. 
I* Z>al7cU, Brit. Med. J. Jnlr SI. lOCk. 
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Many theories have been advanced to accoxint for the development 
of rickets. Some of these are now generally discredited and may be 
dismissed with a word. 

Heredity appears to have no direct connection, although Siegert *•* 
believes that the appearance of the disease in breast-fed children may 
be accounted for on this ground. 

The view common at one time that rickets was to be regarded as a 
manifestation or result of congenital syphilis no longer receives any 
consideration. 

The theory of on infective organism has been held by various 
authors," some of whom claim that they have induced the disease by 
inoculation or contact with an infected animal. Recent work has 
not confirmed this view, however, and it seems probable that the ob- 
served results are susceptible of other interpretation. 

While some writers have maintained that want of breast feeding is 
the cause of the disease, others have held that too prolonged suck- 
ling is responsible. The work of Findlay ** has eliminated both these 
possibilities.*' 

Attempts to establish a direct connection between rickets and 
deficiency of some internal secretion have been equally imsuccessful." 

Faulty diet or digestion resulting in the production of acidosis of 
some form of intoxication has been suggested by several writers as 
the cause of the rachitic condition, but this has never been confirmed 
and, on the other hand, other forms of acidosis produce no such decal- 
cification of the bones. Lienaux and Huyncn " regard both rickets 
and osteolmalacia as a special type of acidosis in the broader sense, 
due to the unsatisfactory proportions of the calcium and the phos- 
phoric acid in the diet. They base their theory on observations made 
on farm animals and the satisfactory results obtained by addition of 
lime to a calcium-poor diet. It has been found, however, that abun- 
dance of calcium alone, whether supplied in the form of milk or as 
calcium phosphate, will not necessarily protect against rickets, while 

" Siegert, Verhand. d. GeseU. f. Khde. 1903; Juhrb. f. Khde. 58 and 59. 

" Torane and Salvatore Forte, La Pediatria, Sept. 1907; Moussu, Bulletin 
dt la 8ociet6 Centr., Vol. LVU.; Koch, Zeit. f. Hyg. und Infektions-kraokheiten, 
72, H. 2, 321; Koch, Zeit. f. Hyg. und Infektous-kmnkheiten. 69, 436; Mircoli, 
Patbologica, 3, 562 &ad 566, 1911; Marfan, Le Rachitisme et sa P&tbogenie, 
Parifi, 1911; Koch, Arch. wias. prakt. Ticrheilkunde, 45, 263, 1919. 

" Findlay, I>anc. May 8th. 1915. 

>» See also Davidsohn, Ztach. f. Kinderh. 21, 349, 1919. 

i« Stoeltzner, Jahrb. f. Khkde. 51 and 53; Basch, lb. 64, 289, 1906; MattI, 
Ergeb. d. inn. Med u. Kind. 10, 1. 1913; Klose and Vogt, Beitr. z. klin. Chir. 
79, 1910; Rcnton and Robertaon, J. Path. Bact. 21. 1916. 

IS Lienaux and Huyncn, Bull. ac&d. roy. mcd. Belg. 29, 855, 1919. 
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a diet low in calcium may not produce rickets even though evidence 
of the calcium deficiency is found in the softness of the bones." 

Several distinguished authorities " have favored the hypothesis that 
rickets arises from deficiency of fat in the diet/"* a view which received 
support from the often-quoted work of Bland-Sutton on lion cubs in 
the zoological gardens,^* in which the addition of cod-liver oil, milk, 
and crushed bones to the ordinary diet of lean meat was found to 
protect the animals against rickets, and also from the well -recognized 
beneficial effect of cod-liver oil in the treatment of rickets.^* That 
the fat in itself is not the fundamental factor is clearly proved by the 
work of Mellanby," who has shown that different fats have very dif- 
ferent values in this respect ; of Osborne and Mendel *^ and von 
Grocr," who have shown that normal nutrition can be secured for a 
considerable time, at least, on diets almost devoid of fat; of Mackay 
and Tozer *'* who have studied the effect on kittens of a diet deficient 
in fats, and found no evidence of rickets, although the kittens became 
emaciated, ceased growing, and suffered from diarrhoea and abdominal 

»« Stocltmcr, Jalirb. f, Kinderh, 60> 288, 1899. 

IT Holt, Di8. of Inf. and Child. 1907; Cheadle, Artific. Feeding and Food 
Disorders of Infants, 1906. 

>7* As a result of feeding experimentis and clinical reports, it has been ac- 
cepted that vitamin A is highly important (or man, and that the lack of it leads 
to QUtntional disorder in children. To study this question, five infanta, ranging 
iu age from 5 to 12 montha, were given a diet complete except for a very small 
amount of vitamin A. It consisted of 180 g. daily of skimmed milk {02% 
fat), 30 g. cane sugar, 15 to 30 g. autolited yeast, 15 c. c. orange juice, 30 g. 
cottonseed oil, aad cereal for the older iofanta. On this diet no detrimental 
effect was observed over a period of 8 to months. These results suggest that 
either a very small amount of this vitamin sufQces to supply the needs of 
human nutrition, or that this deficiency has to be maintained for a period of 
years to bring about harmful result. Infants fed on this diet did not develop 
fflgns of rickets. The disorder developed however in infants receiving lar^ge 
quantities of milk containing ample vitamin A. Hess and Unger,^^'! therefore, 
do not believe that rickets is brought about by the lack of tiiis principle. 

Golding, Drummond and Howard {Biocheiii, J. xs, 427, 1921) carried out 
experiments on rationing pigs with extracted dried milk, cream, purified caseino- 
gen and salt mixture. At the same time, feeding tests of a like nature were 
carried out except that autoclavcd olive oil was substituted for cream. The 
results obtained do not offer any definite information on the relationship of 
fat-aoluble A to the etiology of rickets. 

i'" Proc. Soc. Exptl. Biol. Med. 17. 49, 1919. 

i> Quoted by Cheadle and Paynton, Allbut's Syst. of Med. 3, 85. 

i« Hess and Unger, J. Am. Med. Assn. 1917, 1583. 

><> Mellanby. Lane. 1919, i, 407. 

11 Osborne and Mendel, J. Biol. Chem. 45, 145, 1920. 

»« Von Groer, Bioch. Z. 97. 311, 1919. 

"• Mackay and Tozer, Biochem. J. 15, 19, 28, 1921. 
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distension; and of Shipley, Park, McCollum, Sitnmonds, and 
Parsons,'* who have demonstrated that cod-liver oil contains some 
substance or substances which cause the deposition of calcium in the 
bones in the same way in which it occurs in spontaneous healing of 
rachitis in man. However this is disputed by Telfer (see reference 
on p. 177). 

Defective hygienic conditions of various sorts, bad ventilation," 
insufficient lighting,^"* and lack of exercise " have all been represented 
as responsible, and Hansemann " has classed together all the 
unwholesome features of civilisation under the comprehensive term 
" domestication " and regards the disease as the product of the com- 
bination. In this connection the observation of Hess and Unger*'* 
that exposure to sunlight had a marked and curative effect on rickety 
children, is of interest. 

Ferguson's statistical study of the social and economic factors 
in the causation of rickets ^^ indicates inadequate air and exer- 
cise as potent factors in determining the onset of rickets, and mini- 
mizes the effect of diet. In this study the average number of persons 
per room was found to bo almost one person greater in the rachitic 
than in the non-rachitic families, the cubic space per person was 32 
per cent less in families with cases of marked rickets than in families 
who were free from the disease, and the cleanliness of the house was 
distinctly better in the non-rachitic than in the rachitic family. 
Commenting on this investigation, Mellanby =• says: 

la the study of rickets in Glasgow made by Ferguson, analysis of the aver- 
age diets of rachitic aad non-rachitla families studied ahowB that in practically 
every case the diet of the rachitic famiUcs contained more of substancea allow- 
ing ricketjt such as flour, potatoes, sugar, oatmeal, and less of antirachitic fooda, 
such as milk, meat, fat, &ah, eggs, and cheese. While the differences are not 
large, they probably indicate a very decided dietetic disadvantage to the chil- 
dren of the rachitic families. 



*' Shipley, Park, McColluni, Simxnonds and Parsons, J. Biol. Chem. 45, 
343, 1920. 

^* Dudgeon, Rep. of the Soc. for Study of Dis. in Child, Vol. VIII, p. 56; 
Clement Lucas, Brit. Joum. of Child. Dis., Feb. 1908; Ester, MQnch. Med. 
Woch. 818, 1907; Kassowitz. Die Pathogeoeiie der Rachitis. Wien. 1885. 

*= Diesing, Deutach. Med. Wochschr. 39, 552. 

>« Findlay, Brit. Med. J. 1908, ii. 13; Paton, Fiadlay, and Watson, lb. 
1918, ii. 625. 

" Hansemann. Berl. klin. Woch. 1900, Nos. 20 and 31. 

*T« Heat and linger, J. Am. Med. Aasoe. 77, 39, 1921. 

" Med. Rea. Com. Spec. Rep. 20. 

» Mellanby, Lane. 1920, i. 856. 
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While admitting that poor surroimdinga and lack of exercise may- 
be powerful predisposing factors, Mellanby refuses to consider these 
as direct causes. He points out that the diets used by Findlay (I. c.) 
were such as will eventually produce rickets regardless of other con- 
ditions. 

The beoeScial effect of freedom, he states, is vbat might be expected, as 
constant movement must raise the whole metabolic changes in the body and 
in the first place prevent or delay deposition of fat with its accessory A, and 
secondly bring into activity any antirachitic factor normally stored away and 
ineffective. Exercise therefore gives greater opportunity for any antirachitio 
factor in food or tissues of animals to play its part in the animal economy. 

In a very extensive investigation involving the use of over 200 
puppies"" Mellanby believes he has obtained conclusive evidence 
that rickets is caused by the lack of a specific antirachitic factor 
which is either identical with or sinailar to the vitamin A. In hia 
experimental work he made tise of four types of rachitic diets. 

I. Whole milk, 175 oc., oatmeal, rice; salt, 1-2 g. 
n. " ** " " bread, ad lib. 

m. Separator milk, 175 oo.; bread (70 per cent wheat) ad lib; linseed oil, 

10 cc; yeast, 10 g.; salt, 1-2 g. 
ly. Separator milk, 2£0 to 350 cc; bread (70 per cent wheat), ad lib.; lin- 
seed oil, S to 15 cc.; yeaat, 5 to 10 g.; orange juice, 3 cc; salt. 1-2 g. 

Using diet I^ he found that increasing the whole milk from 175 to 
600 cc. per day prevents the development of rickets. 

On diet U, meat, and also watery and alcoholic (80 per cent) ex- 
tract of meat, had an inhibiting effect. On the other hand, the pro- 
tein residue after loss of the extractives allows rickets to develop. 
Yeast extract or yeast had no protective iofluencc. Malt extract had 
some inhibiting action and delayed the onset of rickets when added 
to diet U. 

A large number of animal and vegetable fats and oils were tested, 
and it was found that all were preventive except linseed."** When milk 

BO Mellanby, Lane 1919, i. 407; 1920. i. 856. 

•** A diet given to kittens to determine the effect o( a deficiency of animal 
fiat (Mackay. Biochem. J. 15, 19-27, 1921) consisted of white bread ad lib., 
orange juice 1 c. c, alternate days; marmitc (a variety of yeast) 2 g. given in 
milk, whole not consumed. In addition, control animals received whole milk 
ad. lib., and the experimental animals machine-akimmed milk with 3% olive oil 
ad. lib. Both the whole and ekimmed milk were brought to a boil and allowed 
to cool before being given to the kittens. The fat value of the skimmed milk 
was 0.15%. The olive oil had previously been autoclaved, and had been shown 
to be free of A . The absence of A in the diet of the experimental animals gave 
rifle to emaciation, arrest of growth, abdominal distension with atrophy of the 
walls of the stomach and intestines in some cases and changes in the costo- 
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fat is eliinjnated from the diet by iising separator milk, and linseed 
oil was the only fat in the basal diet, it was found that the value of 
the oils is graded, cod-liver oil being the best and linseed oil worst. 
Animal fats are more antirachitic than vegetable fata, and the latter 
differ among themseives. The best vegetable fats are peanut and olive, 
the least effective of those examined include linseed, cottonseed, ba- 
bassu oil, a hydrogenated fat, and coconut oil. From this it would seem 
that if A and the antirachitic factor is identical we must assume that 
development or lack of development of rickets in puppies ia a much, 
more delicate test for the presence of A than are growth experiments 
with rats. 

It was found that the addition of orange juice (one-fourth of an 
orange per day) did not prevent rickets, also that adding 5 g. of cal- 
cium phosphate or increasing the calcium intake by doubling the 
amount of separator milk, had no preventive effect, but that imder 
these conditions the growth and general health of the puppies was 
better, and in general the better an animal grows on a rachitic diet 
the more easily is rickets produced. 

On diets III and IV it was found that small quantities of meat and 
meat extracts did not prevent rickets from developing as had pre- 
viously been observed when used in addition to diet II. Although 
meat did not prevent rickets, however, it was found to have some in- 
hibitory effect, which was best seen when small quantities of meat 
were given with quantities or types of fat otherwise ineffective in pre- 
venting rickets. This probably accounts for its action on diet 11, 
where a small amount of butter-fat in the milk had its antirachitic 
effect enhanced by meat. In this connection Mellanby remarks: 

Meat evidently haa a stimulating action on growth far beyond its A ooa- 
tent, and the antirachitic action is also greater th&a would be expected from 
the amount of A supposed to be present. It is known that meat, more than any 
other foodstuff, has a stimulating effect on the total chemical changes taking 
place in the body. In thus serving as a stimulant, it will increase the effective- 
ness of any A in the diet, and will tend to prevent storing up and deposition 
of this substance in subcutaneous and other tissues. Also, any A in the tissues 
wilt be more readily metabotixed under the stimulating influence of the metab- 
olizing meat. It is probable that the antirachitic action of meat may therefore 
be due more to making the fires bum more brightly and thereby increasing the 
effectiveness of any A present in the body rather than to the amount of this 
factor which it possesses in itself. 



chondral junctions similar to those seen io guinea pigs and rats suffering from 
deficiency of the same accessory food factor. The appearance presented by 
these animals was similar to the clinical picture of celiac disease in children. 
No evidence of hoketa was found in any of the kittens. (See also Tozer, 
Biochem. J. 25, 28. 1021). 
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Substances found to have no preventive action against ricketa are; 
Separator milk, bread, protein of meat, yeast, linseed and babasau 
oils, and certain hydrogcnated fats. 

Substances wiUi well marked preventive action: Cod-liver oil, 
butter, suet. 

Substances with definite, but slighter, preventive action: Meat, 
meat extract, malt extract, lard, peanut, and olive oil. 

In bis later paper Mellanby emphasizes the importance of the 
mutual relation of all the dietetic elements. 

' Any condition which leads to laying on of tissue seems to necessitate 
a greater intake of antirachitic accessory factor to prevent rickets, 
while conditions which stimulate metabolism and increase the loss of 
heat relatively to the energy of the stored food, work together with the 
antirachitic accessory factor, and reduce the amount necessary for 
normal growth. Excessive carbohydrate in the diet often leads to 
obesity and lethargy; confinement works in the same direction, and 
the diet under these conditions must have more than the normal 
amount of antirachitic accessory factor to prevent the development 
of rickets. Proteins and exercise, on the other hand, are stimulants 
to metabolism, and when the diet has a relatively high protein con- 
tent and the animals are active leas antirachitic accessory factor is 
necessary. 

Hess '^ reports a case of five infants varying in age from five to 
twelve months who were given a diet which was complete except for 
a very small content of fat-soluble vitamin. They thrived on this 
diet for eight to nine months and showed none of the well-established 
signs of rickets. From this, Hess concludes that eitlier a very sinal! 
amount of this vitamin suflSces to supply the needs of human nutri- 
tion or this deficiency has to be maintained for a period of years in 
order to bring about any harmful result. Hess does not believe that 
rickets is brought about merely by a deficiency of A, as this disorder 
developed in infants receiving large quantities of milk containing an 
ample supply of this vitamin. Moreover, neither cream nor the leafy 
vegetables, both of which are rich in A, are regarded as comparable 
to cod-liver oil as antirachitics.*" 

« He«a, Proc. Am. 8oc Biol. Cbem., J. Biol. Chcm. 41, xxxii. 1920; J. 
Med. Aas. 76, 093. 1021. 

"• Hess and Unger (Proc. Soc. Exptl. Biol. Med. 17, 220, 1920) also finds' 
that many diets supposed to be conducive to ricketa result in normal nutrition of 
infante. Condensed milk only exceptionally induced rickets. A " protein milk " 
made by precipitating buttermilk with heat restilarly led to rickets. It con- 
tained 0.44 per cent ash. in which Ca and P stood midway between that of 
human and cow milk; its Na content was even hi^er than in cow milk. Its 
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That the curative power of cod-liver oil for rickets '• is not asso- 
ciated with its content of A is indicated by the work of Pheinister» 
Miller and Bonar,'*' who found that phosphorus and cod-liver oil and 
phosphorus alone had quite similar results. While it is not possible 
to make a definite statement without further investigation, the 
results 80 far obtained suggest that phosphorus may be as effective 
as the cod-liver oil alone. 

McCoUum and his associates"* have published a preliminary com- 
munication on the production of skeletal derangements in rats by 
deficient diets. Certain of the pathological changes observed are 
identical with those seen in the bones of rachitic children, while others 
are similar to but not identical with these. Tliey have proved that 
these conditions are undoubtedly due to the diet alone, but hesitate 
to ascribe them to one specific factor in the diet. From the observed 
results a low content of A, low calcium content, poor quality of pro- 
teins, and unsatisfactory salt combinations, acting together may all 
be contributory causes, and as the condition can be induced in several 
different ways it is suggested that tliere may be more than one kind 
of rickets. 

Mackay "" has carried on a clinical investigation of fifty-one ra- 
chitic cliildren, the results of which, while not entirely accurate on 
account of the conditions under which the work had to be carried on 
(through the outpatient department of the hospital) are in accordance 
with the view that rickets is a dietetic disease, commonly developing 
in children receiving insufficient fat and too much carbohydrate, 
especially when bottle-fed. 

An important contribution to this subject has been made recently 
by Paton and Watson." These experimenters foimd that a liberal 
allowance of milk fat, up to even 14 grams per kg. of body-weight 
does not prevent the onset of rickets in young dogs under ordinary 
laboratory conditions, whereas pups kept largely in the open air may 
escape the development of rickets on an intake of less than 1 gram of 
milk fat per kg. of body weight. With scrupulous care as to cleanliness 



fat-fioluble vitainiD content was higb, the water-soluble Titamin low. 

The factor which plays a role in the etiology of rickets is possibly a fourth un- 
identified dietary factor or vitamin. (McCollum. Dental Cosmoe, 63, 596, 1921.) 

»* Howland and Park, Tr. Am. Pediat. Soc. 1920. 
» Pbemiater, Miller, and Bonar, J. Am. Med. Aaa. 76, 850, 1921. 
** McColltui, Simmonds, Parsons, Shipley and Park, J. BioL Cbem. 45, 
333, 1920. 

»» Mackay. Brit. Med. J. 1920, ii. 929. 

» Paton and Watson, Brit J. Exptl. Pathol, a, 75-94, 1921. 
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it \b, at least sometimeB, possible to rear pups free of rickets in the 
laboratory on an intake of only about 0.5 grams of milk fat per kg. of 
body weight, along with bread, provided that the diet affords an ade- 
quate supply of energy. The energy value of the diet would seem to 
play a part in controlling the development of rickets, but that it is 
only a contributory part is shown by the development of rickets in 
pups with a high energy intake if confined without scrupulous care 
as to cleanliness. Milk fat may be reduced to about 0.3 grams per kg. 
of body weight, if its place is taken by an equal amount of tard, with- 
out the onset of rickets. In view of these observations it seems 
necessary to conclude that both environment and diet are important 
factors in the development of rickets, sometimes one, and sometimes 
the other, predominating in a particular case. 



CHAPTER XI 



BERIBERI 




The disease of beriberi has been common in the Orient for many 
years. The Malay States, Siam, Coreat parte of Japan, and the 
Philippines have all been extensively afflicted with it. Hoist * re- 
ports that of the ships arriving at Falmouth in the year 1900 from 
harbors south of 33° North, 0.6 per cent of the Enghsh ships and nine 
per cent of the Norwegian ships had cases of beriberi on board. Re- 
ports of the disease have come from India, Africa,* Marseilles,' and 
Spain.* According to Fraga,* epidemics have frequently been re- 
ported in Brazil, although often under other names. The first serious 
outbreak in North America was reported by Little in Newfoundland 
and Labrador in 1912 * but occasional cases have been reported from 
time to time in the South and West of the United States.' 

Simpson* has reported some interesting observations which seem 
to indicate that natives of certain localities may show a greater pre- 
disposition than others to this disease. Of different nationalities 
admitted to the beriberi hospital in Singapore, Chinese were six times 
as numerous as all others.* While the disease in its true form is of 
common occurrence among recent immigrant Chinese, it is practically 
unknown among Straits-bom settlers in the colony. The disease is 
most prevalent among the coolie class, those employed on rubber es- 
tates being especially prone to infection. Certain areas in Johore 
were constantly found to furnish the largest number of patients. Dur- 
ing the same period, of a considerable number of sawmill coolies ad- 

1 Holit. Tr. Soc. Trop. Med. Hyg. 6. 76. See also Hoist and Fralich, Z. f. 
Hyg. Infekl. 72. 1, 1912. 

« Wydooghc, Bull. Soc. Path. Exot. March. 1918. Quoted by Jclliflfe, J. 
Nerv. Ment. Dis. 49, 522, 1919. 

^ Sicard, Roger, and Rimbaud, Paritf Med. Dec. 1, 1917. 

* Vinson, Bull. Soc. Med. Maur. 1917. 
' Praga, New Orl. Med. Surg. J. 1918. 
« Little, J. Am. Med. Aas. 58. 2029, 1912 ; 63, 1287, 1914. 
^ For further detaila aa to the topographical incidence of beriberi see Jel- 

liffe, 1. c. 

* Simpson, Lancet, 1919, ii, 1027. 

* Japanese, Javanese, Malaya, and Indians. 
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mitted from a wide area no less than three-quarters were found to 
have come from one mill. Of those employed at different trade8> 
tailors alone accounted for more than half. Inquiries into former 
dietaries of a considerable number of beriberi patients, particularly 
as to the consumption of polished rice, showed no outstanding differ- 
ences between them and that of the Straits Chinese, who did not ap- 
pear to suffer from the disease in ite true form. 

In this connection reference may be made to the suggestion of 
De Langen and Schut,'® that tlie liability of inhabitants of the 
tropics to certain diseases may be due to the excessively high content 
of sugar in the blood. A defective diet, they state, which in temperate 
climates would not be sufficiently deficient in vitamin to cause beri- 
beri, might also in this way, in the tropics, induce that disease. 

A high incidence of beriberi among women is reported in the Philip- 
pines, especially among mothers who are suckling babies. These 
women were found to be suffering from undernourishment, polished 
rice forming the greater part of their dietary. Their breast milk is 
poor in quality, to which is attributed the occurrence of beriberi in 
infants. Andrews induced several Filipino women whose infants 
had juat died of beriberi to nurse young pups, and noted that in all 
cases the latter failed to grow, because edoematous, and lost the use 
of their hind legs. 

Chemical analysis shows that human milk in beriberi differs very 
little in composition from the normal " but it is lacking in the anti- 
neuritic substance which is present in normal milk. Hirota^* re- 
ports a few cases of beriberi in breast-fed infants whose mothers did 
not suffer from the disease, which can only be explained on the tlieory 
that through some abnormality the essential factor was not secreted 
by the mammary gland, although present in sufficient quantity for 
the normal metabolism of the mothers. 

Beriberi was originally regarded as an infection, flourishing in in- 
sanitary surroundings, but in 1880 Takaki. Inspector General of the 
Japanese navy, carried out an investigation which discredited this 
theory and pointed to a purely dietetic origin. Takaki found that 
as far as sanitary conditions were concerned the ships of the Japanese 
navy which were ravaged by tliis disease compared favorably with 
the European sliips which were entirely free from it. The only pro- 
nounced difference between the Japanese and the European hygiene 

'» De Langen and Schut, Geneeek. Tidjschr. v. Neder-Indie 66, 490, 1916. 
Trop. Dis. Bull. 9, 259, 1917. 

" Andrews, Phil. J. Sci. 7B, 67. 

" Hirota, Zent f. inn. Med. 16, 385. 
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confinement, who volunteered for the experiment. The sterilized diet 
was distasteful to the subjects and was dropped at the thirty-sixth 
day on account of the onset of digestive disturbances, althoagh no 
nervous disturbance developed. Another group remained on the diet 
for 43 days without the appearance of any symptoms. These rations 
produced typical polyneuritia gallinarum in fowls. Fraga concludes 
Uiat avian polyneuritis and human beriberi are distinct morbid iden- 
tities, but that dietary deficiencies act as a predisposing cause for 
beriberi in man. 

Starting with the assumption that the polished rice diet was in some 
way responsible for the onset of the disease in fowls, Eijkmann in- 
vestigated the diets in the Javanese prisons. 

Taking the prison population at nearly 300,000, there was one case 
of beriberi per 10,000 among those living on unpolished rice, 416 per 
10,000 among those living on a mixture of polished and unpolished 
rice and 3900 per 10.000 among those on polished rice. Experimenta 
showed the missing element in the rice to be found in the layer of 
tissue under the husk known as silver skin, in the embryo, and in the 
bran. From these investigations, Eijkmann concluded that the sub- 
stance which was removed neutralized anotlier factor in the whole 
which was harmful. 

Eijkmann's observations have been repeatedly confirmed both with 
fowls and with human subjects. Fletcher,*" by experimenting with 
the diet in a lunatic asylum, demonstrated that when 28 ounces of 
rice was fed daily with only small amounts of other food the onset of 
the disease depended solely on whether the rice used was polished or 
unpolished. Fraser and Stanton " showed that the disease appeared 
among Japanese coolies after 80 to 90 days on a diet consisting 
mainly of polished rice, whereas a similar ration of unpolished rice 
appeared to confer immunity. Grieg'* studied beriberi in India and 
also experimented with pigeons. He noted that those living mostly 
on polished rice and highly milled wheat showed much greater pre- 
disposition to the disease than those whose diet was more varied. 
Pigeons fed upon polished rice developed polyneuritis, while those fed 
on a mixture of wheat and pulses showed no symptoms of functional 
di.=>turbance8. Couzien " reported cases from Tonkin, which dis- 
appeared when the white rice in the diet was replaced by fresh hand- 

>« Quoted by Sherman. " Chemiatry of Food aad Nutrition," 2nd Ed. p. 
830. 

^^ Fraser and Stanton. Studies from lost, for Med. Res. Fed. Malay Stated, 
Nos. 10 and 12; Lane. 1909. 1, 451. 

1" Grieg, Sci. Mem. Med. San. Dept«. India N. wr. 1911, No. 45. 

1* Couzien, Ann. Hyg. Med. colon. 15, 445; Zentral. Bioch. Biophys. 14, 909, 
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are a few cases in which ifloesB was Doi reported to the health authori- 
ties until too late for treatment, as compared with the n>ortality of 
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Evidence eoon accumulated showing that rice was not the only food 
due to which beriberi xni^t develop. Vedder and Clark'* and 
Ohler ** showed that typical polyneuritis developed in fowls fed on 
a diet of white bread or bread and rice.** Little " described out- 

*• Cooper ud Braddon, J. Hyg. 14, 331. 1914. 

^ See also Weill &ad Moariqouid, BulL de la. soc. ped. 10; J. Am. Med. 
Am. 82, 1510; Strong and CroweU, Phil. J. Sd. 7B. 271; Vedder. lb- 415; 
Funk, Z. phya. Chem. W, 373; Pargier, Ann. Hyg. Med. CoL 15. 491; DeMello, 
Loundro, aind Rebello, Anala Sdent. da Fac. de Med. do Porto, 4, 6. 1917; 
McCarriaon, Ind. J. Med. Res. 6, 275, 550, 1919; Riddell, Smith, and Igara- 
videx, J. Am. Med. Am. Feb. 22, 1919. 

" Chamberlain, Phil. J. Sci. 63. 133. 1911; J. Am. Med. Aas. M. 1215, 1915; 
Chamberlain and Vedder, Phil. J. Sd. 63. 25, 395; Chamberlain, Bloom- 
bergh, and Kilboame. lb. 6, 177; Chamberlain, Vedder and Williama, lb, 
7B, 39, 1911-12. 

»» Cox. AnnJ- Rep. PhU. Bur. Sd. 1918. 

" Phil. J. Sd. 7, 423. 1912. 

" OhJcr. J. Med Res. 31, 239. 1914, 

** See also Wellman and Baai, " Polyneuritis gallinanun caused by Dif- 
ferent FoodatuflB," Am. J. Trop. Dis. and Prev. Med. 1913, i. 129. 

" Little, J. Am. Med. Abb. 58, 2029, 1912; 63, 1287, 1914. 
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breaks of the disease in Labrador and Newfoundland which be 
attributed to the diet of white bread, molasses, and fish upon which 
the inliabitants lived. Wliile the only flour available was the product 
of the rough mills of the country, beriberi was unknown, but when 
the bolted flour of the modem mills became common, outbreaks of 
beriberi followed. It is told that in 1910 a ship ran ashore, laden 
with a cargo of whole meal wheat flour, and in order to lighten her 
a considerable portion of her load was removed and was subsequently 
conaiuned by the people in the adjacent districts. The result was that 
no case of beriberi was reported in that region for a period of one 
year following this event. 

Parker " has reported an outbreak among the prisoners in a jail 
at Elizabeth, N. J., where white bread had been used as the main 
staple of the diet. 

More recently cases of beriberi have been reported among the troops 
at Kut-el-Amara during the siege from December 4th, 1915, to April 
29th, 1916. During a large part of the time the British garrison were 
restricted to white flour or biscuits and tinned meat or horseflesh, and 
many fell a victim to the disease. The Indian troops, on the other 
hand, ate either barley or " atta " flour (containing the aleurone layer 
of the wheat grain), which served to protect them against beriberij 
although owing to their refusal to eat meat they suffered from scurvy 
from which the British were free." 

Two forms of beriberi are described, the " wet " beriberi in which 
there is much swelling of the tissues, and the " dry " beriberi in which 
all the muscles of the body are atrophied and the patient becomes 
entirely helpless. In botiv forms the earliest sjTnptoms are loss of 
appetite, fatigue, depression, and slight fever. Vomiting and diar- 
rhoea are frequently reported, and Barbe '" found a severe duodenitis 
in a number of his fatal cases. Riddell, Smith and Igaravidez," 
reporting on 60 cases of beriberi at an army base hospital at San 
Juan state, however, that gastric disturbances were uncommon, only 
seven cases of nausea being reported and these at the onset and for 
a few days only. In their experience the symptoms began in almost 
every case with a numbness over the legs, usually over the shins first 
and gradually spreading over the calves and upward to the abdomen. 

" Parker, Pub. HealtJi Repte. 2fl, 339. I9H. 

" For further det&ib of epidemics reported from IS91 to 1917 see De Mello, 
Loundro and Rabello, Anals. Scient. da Facul. de Med. do Porto, 4, 6, 1917. 

»o Barbe, Arch. Med. Pharm. Nav. June. I9I8, quoted by JeUiffe, J. Nerv. 
Ment. Dis. 49, 522. 

SI Riddell, Smith, and Igaravidez. J. Am. Med. Ass. Feb. 22, 1919. 



P&in «M iwiiJiy ofaMrwad in the calf ZDOBdes. these bmc uAiallr 
the fint Ko be allMlBd. CMy devn pstxBte ihowed any fever, ud 
in theae caaeB it «m #^ aad larted ooly a few days. 

In tfa» late rti«K«faaR» post cadnvtMB, difficulty la braatUag, 
mohiidc mmiUm, paa^rtic g^m^uM , freqiKBay f oUowed hf dMtIt 

The iijiin^WBii ateerwd in fbwli aad inceooa are -nsj ^milar. 
Within three weefcs fabde on aa exehsiTe diet of poliehed rioe umially 
^ov flpH of weakBHiy kAowed very quickly by paralyse Th«lf 
necks are idiaetod, and flwy roll hel^eafily round their cafM. With- 
out treatneot deBtb foDcvw Tcry abovtly, but with proper treatMMl 
their ic t wway ■ dieailii ia ite ■uddesoieae. Microeoofiie invM^lp 
tioo ol the tiMKi of a pulyaeuiiiic bird shows exteniive perlphiral 
d e geaera tki of the serve eeDs, even in the case of fowls which U% 
killed before the sjm||Iiwii of aeantis have manifmted th«M»lv«fc'* 
McCarriaoo'* finds thst the oedema <sw«lUng) charaot sH sU* #1 
"wet" b ei ihai appean in the ari&n polyneuritis also, and is aasi)' 
cktod vitib lautwnefld increase in the sisc of the adrsnal ^lUt/k mk 
greatly iiim'sairi iwa d irtion of adrenalin, although tha aMMMll 4f 
adrenalin per sram of ^aiMi is actually slightly lass Ifl woi lisi ih »| f < 
than in diy bo^wri or in nonnal health. In 100 pv itii U ll» 
caMo of w«i beriberi the qaaathy of adrenaUn grsaUy igcaiid tfcil 
found in health, aad in S3 per cent of thcas eiMi ttMidi^ tllil (Mttl 
in dry beriben. 

Sicard. Roger aad Rimband ** point out that Uia catvln ^t..* t>\\\^ 
toms wanmnn in poiyrwuntis of fowls are not aMtt li )• *i> 

beri, and for that reaaon thry etc inclined to doubt whlllMIt Um avtaM 
poly u e mitj a is aetuaUy identical with human lioribsrl. 

The same general oonditioo may be induced in swlav," rafs,*' A>¥lifk 
and cata." According to McCarrison.** altiiougb a 4M. m( %hU\ 
claved milled rioe is fatal to monkeys, these animals d)s wtUMfi^ ^^»\^ 
Ofnng the typical symptorms of polyneuritis, but Oibt^ *' ti^M4« 
that of three naonkeys fed on a mixture of whits Hc«, wttit Uiw aiMH|i>»i 

•• Vedder tad Clark, Phil. J. Sd. 7B, CH 

•* MeCarrison, Proc Rojr. Soc. 01b, 103, IVSQ 

•• Sicard, Roger wd Rimbavd. Pv. M«d. liw> |, ivif 



I 
I 




*«^»«> iMMHI Md 
Ansa. Piroe. Boe, BmL Chem. J. Biol. Ckmm i\. liil, \\^\ 

>' Karr, J. BioL Cbcm. 44, 277, 1020; Vw««<ll«i iitt.l |.«WSi Am J IfKrtti^ 

47. 658, 1018. ' '"'"*' 

" See p. 173- 

>• Gibsco, PhiL J. Sei. 8B. 3S1, lOtS-14. 
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of sufficient salt mixture to make up for the miDeral defidencies of 
the rice, one developed typical symptoms of beriberi, while the other 
two lost weight and suffered from malnutrition, but without neuritic 
symptoms. 

Vocgtlin and Lake " describe the following symptoms produced 
in cats and dogs by an exclusive diet of lean beef heated for tliree 
hours at 120° C. in the presence of alkali: Diminution of appetite, 
constipation, loss of body weight, weakness and sometimes drowa- 
ness, followed by paralytic symptoms, tonic convulsions, spasticity 
of certain groups of muscles and disturbances of the circulation and 
respiration. 

More recently, Karr " induced severe polyneuritis in dogs by feed- 
ing them vitamin-free diets of casein, sucrose, lard, bone ash and salt 
mixture. The symptoms induced were comparable with those ob- 
8er\'ed by Vocgtlin and Lake. The animals first vomited, became 
inactive and refused their food, then lost the power of walking or even 
standing. There were often tremors and twitching, with the head in 
motion, and occasionally severe tetanic convulsions.** 

Weill and Mouriquand ** report that in addition to the acute form 
of polyneuritis which develops in fowls after 20 to 25 days there ia 
a chronic form which develops more slowly and which may be pro- 
duced by a diet consisting of a mixture of raw and sterilized cereals 
(barley, com and rice). The chronic condition was characterized by 
initial paralysis of the wing followed in some cases by paralysis of 
the feet. These sjonptoms were associated in certain instances with 
degeneration of the bones. The symptoms did not disappear when 
the sterilized cereal in the ration was replaced by raw cereal, nor did 
they yield to therapeutic administration of the portions of the cereals 
containing the antineuritic vitamin. In the acute experimental poly- 
neuritis recovery was observed within a few hours after ingestion of 
raw cereal, bran or injection of vitamin. The investigators conclude 
that in the acute form the paralysis was due solely to a disturbance 
of the nerve centers which is chemical in its nature, whereas the 
chronic form appeared to be dependent on profound nerve degenera- 
tion. The paralysis was " functional " in the former case, and 
" lesional " in the latter. These observations are confirmed by La- 
picque from his own experiments with mice. Suguira*s observa- 
tions ** that extracts of fresh carrots and the crystalline preparations 

«o Voefftlin and Lake, Am. J. Phyaiol. 47, 558. 1918. 

" Karr, J. Biol. Chem. 44, 277, 1921. 

*" For further details of the effect of neuritis-producing diet* see p. 171 and ff. 

** Weill and Mouriquand, C. r. soc. bid. 81, 432. 1918. 

** Snguira. J. Biol. Chem. 36, 196, 1918. 



309 

from yeast mny core polyBeontiB in tfaoae cmm wbere Uw disease hs« 
developed qoidEly Od sboai ao dqrs). vUik thess ■nhsfsiiw vcn 
powokflB IB csaes when tiis sjM |i fa — s oone cm dowty, aiihi also be 
interpreced as ia&alaBC two AitiBek types of fiseaoa.* 



As has beea pcnnted oat abote, tbe earliest theory of the ori^ of 
beriberi was tikst of an infectaaa. TUs tfaeory passed into lengral 
disrepute as tbe rdataoo beCvecn tbe TTiBtasi and tbe &i was deaiiy 

deixKmstrated by the vork c^ many iiirasKgBtnri Motvorer, all 
efifortfi to transmit the disease from a polynearitk aaonal to a beahb/ 
animal on normal diet or to traee tbe ipread ol mfeotkm from rick 
to beahhy have failed.** Nevertfaeteas there are etill a few adherents 
of the inf ectkn theory. Wydooc^ " describes an 
ring in the African raUey of LnkBga invbicfa eertun 
of inff^ffy^ appeared to tadtL Alteratiaa in the diet in these centres 
did Doi cut flhoct tbe ffidfimns, aad tfae diet is said to have been prac- 
tically uniform thran^ioat tfae repoo at all srasnns, in ifnbe of vfaicfa 
the disease vas strictly localised aod periodic Also, outbreaks 
occurred apiiarently as the renlt of ramping oo old poonds whidi 
had previooriy been marirfirt beriberi oeatres. Wydoogbe betieves 
the disease is doe to an infecting germ which is poaably carried by 
son^ insect agents aad vliidi is ptcaeot in the blood for a short period 
only, so that iht propagaUoa of the <fiaease is diffioUt outside of the 
epidemic centres aod -where the carrier is absent. Barbe ** likewise 
&ads a pnreiy dietetic hypothesis nnsMiifsdnij, and is inclined to 
attribute the disease to a nicrobie lufectMO, pnwsHy invalring the 
duodenal paam^ea, which ie favored by an intoziCBtioo deri^^ from 
the food aad by unfaypcfiie surroundingL Sprawson^ believca that 
the copditiops known as beriberi may arise from different eaues 
under different circumstanoee, tbe clinical appearance being appnxd- 
mately the same in all cases. One class of cases is doe to a viumia 
deficiency, while another appears to result from an infection.** 

HcCarrison ^ endeavored with some apparent success, to isolate 
an organim which would indooe beriberi, but WiUlama and John- 
ston ** failed to eoofifn Ids resolta. He himsel/ eondoded that rita- 

«• See ako Waiuau, J. BioL Chem. 25, 437. 1916. 

«• Brcial, J. Trap. UmL 1», 12», 1916; Sicard, Roger, mad Kambsad, Pui^ 
Med. Dec. 1, 1917. 

«' Wydoofhc Btdl. 8oc. Patli. Exrt. Marob. 1918. 

«• Barbc, Ardu M«d. «i PUrm. K&r. Juae, 1916. 

«• Sprawsoow Qwit. J. Med. 13. 337. lfl». 

•« See aho BopUns. Bojr. ftoc. Med. 8eoL Thar. Fhtna. Udc. 1919. xi, S7ft 

u McCuriMO. IimL J. Med. Be«. 2, 309, I91i. 

M Williaaw ud Jofanaton, PluL J. So. lOB, 337. 1915. 
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nuD deficiency was an essential factor in the origin of beriberi, but 
ihftt such deficiency is so rarely complete as to be the sole agent 
reaponsiblc for it, and infectious and parasitic agents are often im- 
portant causes determining the onset of the symptoms. Bacterial 
ocguusmA, of whatever kind, that may be isolated from the blood in 
hoauu beriberi, may invade the blood and tissues imder conditions 
of dietetic deficiency, and thus convert a state of potential into one 
of active disease Since such organisms are not the true cause of 
the malady they oannot be expected to produce it in inoculation ex- 
p ir wwm ta. " They arc but weeds which fiourish in tbe soil made 
ready for tl»ora by dietetic deficiency." *** 

Shibayama " came to eomevhat ilte same point at view from his 
etody o( beriberi in Japan. While a monotonmue and ooe-eided diet 
nay #ve nee to tbe oosti of the symptoms, fae is naviUing to grant 
thai Ihia u the true cause of the disease. The sympuans and anatom- 
ieal tihainw eeen to him to deveAop from intoxicataoo by a poiaoa 
vhkh is ptu d iMu e d by a eertaia micro-oeganian in the body, especially 
hi the ialeeliBe. 

Lebredo *• has Rfwted enw rim fwl a which daaoaataale the cadal- 
f«ce of an eaetieneky p e iMatW baelerial reyiiMi whkh he believes 
may be remoasihie for the pwaJuctiu a of a * beriheri taadn." bul these 
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purified casein for half the ration of polished rice caused no improve- 
ment in the condition of rats who had begun to decline on a diet of 
rice alone, and, on the other hand, no toxic effect was produced by 
the inclusion of as much as 80 to 90 per cent of polished rice in tho 
diet, provided egg, milk powder, or wheat embryo were fed at the 
same time. 

A variation of this theory of intoxication is found in the hypothesis 
of Walshe/' who believes that there are two factors responsible for 
beriberi, one of which is vitamin deficiency and the other an intoxica- 
tion due to the abnormal hydrolysis of carbohydrates with the forma- 
tion of toxic products. According to Walshe the beneficial effect of 
the rice polishings and similar curative substances is due to the vita- 
mins present which play some undetermined role in regulating the 
carbohydrate hydrolysis, while the earlier intoxication theories as- 
sume the presence of some substance in the bran which neutralized 
the toxins of the rice. 

Schaumann "' noted an abnormality in the phosphoric acid content 
of the iirine of beriberi patients, and concluded that beriberi was con- 
nected with faulty phosphorus metabolism, a view with which Mos- 
kowski ** is in accord.""* The evidence on which this view is based is, 
however, capable of another interpretation."^ 



In 1911, Funk took up the study of the disease and developed his 
vitamin theory according to which beriberi and polyneuritis are 
caused by deficiency of vitamin B.'^ 

" Walshe, Quart. J. Med. U, 320, 1918. 

A" Scbauman, Aroh. Schiffs-u-Tropenbyg. 12, 683; Chem. Zentr. 1908, ii, 
10S6. 

»» Moskowaki, Areh. Schiffa-u. Tropenhyg. 15, 653, 1912-13. 

**|^ The belief that id the absence of vitamin B and the subsequent develop- 
ment of beriberi there is a breakdown in metabolii^m, more particularly in re- 
gard to the metabolism of carbohydrates, has led Findlay {Biochera. J. 15, 104, 
1921} to detenniae the gtyoxylase content of the liver in a\iaa beriberi; for 
glyoxylaae plays an important part in carbohydrate metabolism. The results 
obtained suggest that in pigeons suffering from beriberi there is, as compared 
to control birds, a reduction in the glyoxalase content of the liver. The adminia- 
tration of vitamin B produces a definite increase in the amount of glyoxylaae. 

*•* See p. 79 on tJic relation between vitamin and P3O, contenta in grains. 

^ Funk and Cooper, Lano. 1911» ii, 1266; Funk. Trana. 80c. Trop. Med. fi, 
86, 1911; J. Physio!. 43. 395. 1911 ; /b., 44, 60; /fa., 45. 75, 489, 1912; lb., 46. 173; 
Proc. Physiol. Soc. J. Physiol. 47, xxv., J. Phyaiol. 48, 22S, 1914; lb., 53, 247, 
1919-20; Funk and von Schonbom, lb.. 48, 328, 1914; Funk and Douglai, J. 
Physiol. 47. 475; Funk. Ergebnias. d. Physiol. 13, 126, 1912; Z, physiol. Chem. 88, 
352, 1912; 89, 373, 378, 1913; J. State Med. 20, 341, 1913; Pann. J. 89, 351; Brit 
Med. J. L913, i. 814; Biocb. J. 7, 81, 211, 1913; Funk and Macallum, Ib^ 7, 
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Rice as it comes from the thresher (" paddy " rice) is enclosed in 
a hull which must be removed by grinding the rice between stones, or, 
as in Burmah, in a larger mortar. The grain produced by this opera- 



a.'pAddy'ffice. 



b-'flrown Rice* f rem 
whkH iht Hul U h»« been 

R«mowed, 
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tion is brownish in color and consists of two parts, the endosperm and 
the embryo or germ. The whole is surrounded by an outer layer, the 

pericarp or " silver-skin," next to that 
is a layer rich in protein, known 
as the aleurone layer, and within this 
lie the starch grains. In a little pocket 
formed by the aleurone layer at the end 
and to one side is the embryo. In order 
to remove the brown coat and thus meet 
the demand for a whiter rice grain 
millers have had recourse to more or less 
elaborate machines in which tlie grain 
passes through leather rollers which rub 
off the outer layer, the embryo becoming separated from the endo- 
sperm at the same time and being discarded with the polishings. 

Polished rice has the advantage that it keeps better than unpolished 
rice, which is likely to be infested with weevils and other insects."' 

The change in the chemical composition of the rice due to the pohsh- 
ing process is shown in the following table:" 

HuUm) Fttr cut PolaOwd Per oent 



— •of arch Groins 
"Akuront Layer 

-Pen carp 
-Embryo 

Fig. 9. — Rice Grain 



Water 12j00 

Protein 7.20 

Fat 2.00 

Btarch, sugar, and gum 75.80 

CcUuIooe 1.00 

Aab 1.00 



12.40 
6.90 
0.40 

77.40 
0.40 
0.50 



356, 1013; Z. f. phymol. Chem. 92, 13, 1914; Naturwiss. 2, 121, 1914; Die Wtar 
mine, Weisbaden, 1914; Funk and Macallum. J. Bio!. Chem. 23, 413, 1915; /b., 
27, I, 1916; Funk, Lyle, and HcCaakey, J. Biol. Chem. 27, 173, 1916; Funk. 
Bioch. Bull. 4, 30-1, 1915; 5, 1, 1916; Funk and Dubin, Sci. 52. 44S, 1020. 

•* See Ottow. " Testing, Storage, and Preparation of Unpolished Rioe," 
Natuur. Tyjds. Ned. Indie, 74, 143, 1915. 

M T7. B. Dept. Agriculture, Bureau C9kem. Bull. 46. 
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Protein, fat, and mineral matter are all reduced by this process, and 
in addition the vitamin B which is present in the germ and in the 
pericarp and aleurone layer of all cereals"* is entirely removed. 
According to Funk it is the loss of this factor which leaves polished 
rice so unsuited to form the chief part of the diet.*** 

Veddcr " suggests the existence of two vitamins, deficiency of one 
resulting in dry beriberi, and deficiency of the other causing wet beri- 
beri. He bases this hypothesis on the fact that while the administra- 
tion of unhydrolyzed extract of rice polishing to cases of wet beriberi 
results in the prompt relief of the symptoms, in cases of dry beriberi 
administration of this extract is followed by little or no improvement 
in the paralytic symptoms. The administration of Funk's base " 
to cases of dry beriberi produces an immediate improvement in these 
cases as well as in polyneuritis gallinarum, from which Vedder con- 
cludes that dry beriberi is caused by the deficiency of this substance 
in the diet, and that dry beriberi of man and polyneuritis gallinarum 
are essentially the same disease. Since wet beriberi, on the other 
hand, was cured by the extract represented by the filtrate from the 
phosphotungstic precipitate which does not contain Funk*s base, Ved- 
der concludes that wet beriberi is caused by deficiency of a different 
substance in the diet and that dry beriberi and wet beriberi are differ- 
ent diseases, deficiency of a separate vitamin being responsible for 
each. 

McCollum and Davis*' made a complete study of the nutritive 
deficiencies of polished rice and found that it m\ist be supplemented 
with additional protein, mineral salts, and both vitamins A and B in 
order to secure normal development. Experiments with other food- 
stuffs have shown that deficiency in any one of these factors is suf- 

" See p. 78. 

•*» Sawamura (Japanese Patent 36,720, July 6, 1920) found the embryo of 
rice to afford the following analytical reaulta; water 5.73, crude protein 2430, 
crude fat 20.12, lecithin 053, eiigara 10.79, starch 14.89, crude fiber 9.77. and ash 
13.47 per cent. It contained a large quantity of vitamin. By treating with 02 per 
cent caustic aoda solution the protein and fat. etc.. in the embryo go into the 
Bolution; while, Ufiing 0.1 per cent hydrochloric acid, calcium phosphate, vita- 
min, etc., are obtained in the solution. The two solutiooB are mixed tc^tber 
and a small quantity of lime water ia added. The precipitate thus obtained ia 
collected, washed with water and dried. It contains a large quimtity of vitamin 
and water 4.S7, crude protein 41.55, crude fat containing lecithin 46^0, and ash 
3.86 per cent, Ffi^ 1.19 per cent and CaO 100 per cent. 

« Veddcr» "Beriberi," N. Y. 1913; Proc. 2nd Pan Am. Sci. Cong. Sect 8, 
Pt. 2, p. 26; Vedder and Clark. Phil. J. Sci. 7. 1912; Vedder and Williams, /&„ 
SB, 175, 1913. 
- « See p. 121. 

•T McCollum and Davia, J. Biol. Chem. 23. 181, 1915. 
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ficient to limit growth, but only in the absence of B are polyneuritic 
sympioms seen. A supply of this factor, either from rice polishings, 
wheat embryo, yeast, or some other source, brings about rapid re- 
covery from the disease and provides protection against its onset or 
recurrence. 

In the milling of wheat the bran and embryo of the wheat grain are 
removed as are those of the rice, although the process is different. 
The finer and whiter the grade of flour the more completely have the 
Wtamin-bearing parts of the grain been removed. Where bread made 
from such flour forms a comparatively small part of a generous mixed 
diet this deficiency is unimportant, but where the bread forms the 
greater part of the diet, as was true of the cases in Labrador and New- 
foundland reported by Little (1. c.) serious results may ensue. 

The work of Funk and others on the isolation of the antineuritic 
substance from rice polishings and other sources has been referred to 
elsewhere.*' While of great interest from the purely scientific point 
of view these contributious are much less importantpractically than the 
determination of the distribution of this substance in the natural food- 
stuffs."* Since it is found in abundance in the cheapest foods, cereals 
and legumes, provided only that these have not been robbed of their 
store by the misguided efforts of civilized man to " improve " tbem, 
there is no reason why even the poorest races of mankind should con- 
tinue to suffer from the ravages of beriberi. Repeatedly change of 
diet has been shown to result in t!ie eradication of the disease from a 
community.^*' 

Vedder '* points out that in the reports of cases which are sup- 
posed to discredit the dietary hypothesis the statements regarding 
the diet on which the disease has been developed are too vague to be 
of any value. 

" See p. 121 and ff. 

«• See pp. 66-88. 

'" Van Leent, Arch, de Med. Nav. 1867, Oct. p. 241. CommunicatioD mir 
Ic Beriberi, Cong. Inlernat. d. So. Med. Am«t. 1880, vi, 170. etc.; Vorderman, 
Onderaoek naar het vorband tiinchen den aard der ryslvoeding in de gevan- 
geniiisen op Java en Madoera en het voorkomen van beriberi onder de geinter- 
nccdcn. Batavia, 1897; Takakl, Three Lecturea on the Preservation of Health J 
Amongat the Peraonoel of the Japanese Navy and Army. Lancet, 1906, 1. 1360,' 
1461, 1620, etc.; Fletcher, Joum. Trop. Med. and Hyg. 1909, xii. Lancet, 
1907. i, 1770, etc.; Highet, Philippine Joum, Science 1910. v. 73; Wciser. 
Philippine Jour. Science 1911, vi, 1237. AIbo Jom. Am. Med. Am. 1911, LVI, 
1238; Theze, Ann. d'Hygiene de Med. Col. 1910, xiii, 16; Chamberlain, Philip- 
pine Joum. Science, 1911, vi, 133; Vedder, Beriberi, William Wood and Co, 
New York. 1913. 

" Vedder, Am. J. Tn^)*. Dia. and Prev. Med. 1914, i, 826; Proc. 2nd Pan 
Am. Sol. Cong. Sect. 8, Pt 3, p. 33. 
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" Any such communication to be worthy of attention should con- 
tain a detailed statemeot of the food actually consumed by the 
affected persons, for the 90 days prior to the development of the 
disease, showing components, quantities, and a statement as to 
whether the articles used were fresh, canned, or otherwise preserved." 

While the antineuritic vitamin is so widely distributed that it is 
easy under ordinary circumstances to secure a diet which contains 
sufficient of it, there are times, — as in the rationing of armies in the 
field — when it is highly advantageous to have a concentrated supply. 
Where possible the use of wtiole meal flour from rye, wheat, or bar- 
ley, or the liberal consumption of peas, beans, or lentils is recom- 
mended. Hulshoff '* reports from his study of the dietetic treat- 
ment of beriberi in the Dutch West Indies, that large amounts of 
puree of peas had an unmistakably curative action on beriberi. As 
much as 150 g. of the puree three times a day was required, however, 
smaller amounts showing no benefit. Oatmeal had a similar influ- 
ence, but 125 g. three times a day was necessary. Europeans re- 
quired a little less. A native bean seems also to have a like action. 
It is to be remembered that these substances lose their efficacy with 
age, three-year-old beans having been found quite inert. 

jNuts in general are rich in antineuritic, and Grieg " recommends 
ground-nut (peanut) meal biscuit as emergency rations for the troops. 

Commercial wheat germ is highly efficacious, being three or four 
times as potent as dried peas or egg yolk which come next in order. 
A preparation of yeast produced under special conditions according to 
researches carried out under the British War Office and known as 
" marmite " was used as an antineuritic by the British troops in Meso- 
potamia during the war and was found to be equivalent to wheat germ 
in efficacy."* Autolyzed yeast is more effective than pressed or dried 

»» Pol. Norsk. Ma«. Laegevidenakabea 77, No. I, 1916, J. Am. Med. Aasoc. 
66, 698. 

" Grieg, Ind. J. Med. Res. 6. 143, 1918. 

T»a Abdcrbalden (Arch. ges. Physiol. 178, 260, 1920) induced polyneuritia in 
pigeona by contiDUoua feeding upon polished rice, and the thcmpeutic effects 
of various fractions of yeast were measinred. What Abderhaldea terms tho 
" nutramine " of dried yeast can not be completely extracted by absolute alco- 
hol, by acetone, or by a combination of these two extractives. The extracti 
of yeast given to pigeons on a rioe diet ameliorate certain symptoms of the dis- 
turbance but they fail to provide a complete regimen. Apparently there it 
some substance, of an insoluble nature, in the yeast which is effective in com- 
bating the disturbances associateti with a polished rioe diet. 

Pigeons were fed for two weeks on a diet consisting exclusively of polished 
rice and at the end of this period they presented the characteristic manifesta- 
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yeast/* Salceby " prepared an extract of autolyzed yeast by placing 
brewers' yeast, separated from the adhering beer, in an incubator at 
35° C. for about 48 hours, filtering, and concentrating tlie filtrate 
under reduced pressure at a temperature below 60" C. to about one- 
third of the original volume. About 40 cases of beriberi (five of them 
children under two years) were treated with this extract, adults being 
given 15 to 40 cc. three times a day, children two to four cc. every 
three hours. All acute symptoms of neuritis were aflfccted in leas 
than three days. Infantile symptoms were cured with comparative 
rapidity. Hydrolyzed extract of rice polishings produce a similar 
and even more pronounced effect." 



tiona of alimentary dystrophy. During the period of the experiment, body 
weight, temperature and gas metaboIism^ determinatio&B were made and cun'ea 
which were plotted for the values secured show a gradual fall throughout the 
course of tlie experiment. When yeast, or an alcoholic extract of yeast, was 
added to the diet, a rise in the gad metabolism always occurred. (Arch. gea. 
Physiol. 1921, 80.) 

i« Seidell. J. Biol. Chem. 29, 145, 1918. 

r« Saleeby. Phil. J. Sci. M, U, 1919. 

■" Fur preparation of concentrated vitamin extracts see Ch. VU. 

Simonnet (Hull. soc. hyg. g, 69, 1921) presccits data obtained in feeding ex- 
pchmeatB with pigeons. The " complete diet " used consisted of the follow- 
ing: Meat residue 11 g., peanut oil 5 g., potato starch 59 g., salt mixture 4 g., 
filter paper 5 g., agar 5 g., butter 10 g., brewers' yeast 1 g. The butter furnished 
A, whereas the yeast was the only source of B and C. This diet permitted 
satisfactory maintenance of the birds during the experimental period of 170 
days. The same ration but witiiout yeast did not permit maintenance of the 
birds. Characteristic symptoms of polyneuritis appeared. 

The respiratory quotient was studied by Janien and Mangkoewinoto 
(Med. genecsk. lab. Weltevreden [Java] 1920. 3e Ser. A, Nos. 1, 2 and 3, 60; 
Physiol. Aba. 5, 361; Chem. Aba. 1921, 2665) with Uie hope that the fall in. 
respiratoo' quotient might be made use of in testing foods for antincuritio 
vitamin. The respiratory quotient did fall in one or two cases, but the fall is 
not constant and reliance cannot be placed on it in the diagnosis of polyneuritis. 

When fowls and cats were fed on polished rice and food deficient in vita^ 
mins, the organs did not show any change in sensitivity towards adrenaline, 
histamine, choline, and atropine. (Van Leeuwen and Verzar, Chem. Aba. 
1921, 2658). 

Pitch (Am. Med. 16, 369, 1921) reports a aeries of experiments in which 
beriberi was produced in pigeons by feeding polished rice. 



CHAPTER XII 
SCURVY 

Scurvy has long been the dread of navigators, explorers, and armies 
in the field; in fact wherever men are cut off from available supplies 
of fresh food its ravages are known. Babies fed exclusively on steril- 
ized foods suffer from the form known as " Barlow's disease," and 
as HoUt first pointed out symptoms identical with thos^ of human 
scurvy can be produced in guinea pigs by feeding on a restricted diet.* 

The first distinct account of the disease is contained in the history 
of the crusade of Louis IX in the Thirteenth Century, during which 
the French army suffered greatly from it. In the Sixteenth Century 
it was endemic in various parts of northern Europe. During Car- 
tier's second voyage to Newfoundland in 1535 one hundred out of 
his crew of 103 men developed symptoms of 8cur\-y^ but were cured 
by the administration of a decoction of fresh pine needles. In 1593 
Admiral Hawkins stated that within his personal experience not less 
than 10,000 seamen had died of scun'v, and an appalling case is on 
record of the Spanish ship " Oriflamma " which was foimd adrift with 
her entire crew dead of scur^'y. 

In adults the symptoms come on gradually, the onset being marked 
only by a certain failure of strength which is manifested when any 
effort is called for. Breathlessness and exhaustion are easily induced, 
along wnth a corresponding mental depression. The face is sallow 
and pallid, the eyea sunken, and the gums tender. The muscles of 
the body and limbs become painful with vague pains suggesting 
rheumatism. Appetite and digestion may be unimpaired in the earlier 
stages, but gradually decline. As the disease progresses the gums 
become livid, spongy, ulcerating, and bleeding, the teeth are loosened 
and drop out, the breath becomes excessively foul. Effusions of blood 
from the vessels in the skin and other tissues takes place either spon- 
taneously or as the result of slight pressiire or injury to the skin. 
These are frequently so extensive as to cause swelling of the muscles 
in which they occur, giving the appearance of extensive bruises and 

^ Holit and FrtiUch, J. Hyg. 7, SM. 1007. 
217 
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tending to become hard and brawny. In addiUon there is bleeding 
from the mucous membranes of the nose, eyes, and alimentary and 
respiratory tracts, and hemorrhages into the pleural, pericardial or 
peritoneal cavities. According to Hess.* the coagulability of the 
blood is almost normal, the escape of blood from tlie vessels being 
due to a weakening of the walls or to a lesion of the endothelial cells. 
Ulcers are apt to break out in the limbs. In the later stages exhaus- 
tion becomes profound, with a tendency to syncope, and variouis com- 
plications such as diarrhoea and pulmonary* or kidney troubles are 
liable to appear, any or all of which may bring about a fatal result. 
Diminished secretion of urine is a common symptom of both beriberi 
and scurvy. 

The protein metabolism is disturbed during the progress of the 
disease as is evidenced by the increased ammonia and amino acid 
output.* 

Stcfanson* gives the following description of cases observed by 
him during 1916-17: 

" Anderson complained to me of having been gnKlually becoming more 
Bad more unwell for a week or two. The finrt. symptomA noted by him waa 
diuinew on middeDly standing up, ' laslneas,' gloom and irhtability. showing 
itself in a tendency to condemnatory and uncalled-for argumentativeness, 
pronenesB to becoming tired, and loosening of the teeth and a swelling and 
receaaion of the gums, with a dull local ache in the gums or roots of the teeth. 
The appetite was normal both as to quality and kind of food desired. . . . 
At this time the teeth of the men were so loose that they could be plucked 
out with the 6ngers with no effort, and the gums were of such a cheese^ke 
oonaistency, that they were cut (with Httte bleeding) by wooden toothpicks 
about as easily as an ordinary ' American' cheese could be. Every joint waa 
•ore and all movements painful." 

Hess" points out that the association of circulatory disturbances 
with latent scur\'y, which has been overlooked until lately, furnishes 
a clinical link between 8cur\*y and beriberi. One of the earliest 8>*mp- 
toms is frequently tachycardia, a heart beat of 140 or 150 being quite 
common in infants. Still more noticeable and cliaracteristic is the 
instability of the pulse rate, which may increase by from 20 to 40 
beats to the minute on the slightest exertion or rise in temperature. 
Accompanying this may be respirations rising to 40, 50, or even 60 to 
the minute. These symptoms, to which Hess gives tlie name " cardio- 

» HcM, J. Am. Med. Ass. 76, 693, 1921. 

* Labbe, Haguenea and Nepveux. Bull. mem. see. med. Hop. 44, lOM, 

1930, Chem. Abs. 1920, 3207; See alf>o Brandt, Arch. f. Kinderheil. 67, 395. 1920. 

' The blood in scurvy. 

« Stefuuon. J. Am. Med. As. 71, 1715. 191S. • Hess, /. c. 
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respiratory phenomena," yield promptly to antiscorbutic treatment, 
from which Hess infers at least a functional relation between the 
antiscorbutic vitamin and nerve tissue. The scorbutic organism, even 
in the latent stages of the disease, is peculiarly sensitive to infection. 
Abels • found that scorbutic guinea pigs succumbed to much smaller 
peritoneal injections of cultures of the slightly toxic B coli than did 
non-scorbutic animals. Intracutaneous injections of staphylococci, 
toward which guinea pigs are normally very resistive, caused dis- 
tinctly palpable infiltrates, and in one case an abscess, in scorbutic 
pigs, while the controls presented at the most a very slight infiltrate. 
He also found support for the assumption that the hemorrhages ob- 
8er\'ed in scurvy are brought about by the toxic effects of infections. 

Barlow's disease was first observed in England in 1876 by Sir T. 
Smith and later fully investigated by Sir Thomas Barlow. It is 
seen principally in children from 6 to 18 months. The child is sallow 
and fretful before any marked physical signs appear.' Later there 
appears a sensitiveness to touch, particularly about the lower limbs, 
and the child will refuse to move or bear any weight on the legs. 
Later the limbs swell, the tenderness increasing. The growth in weight 
and length is markedly affected.* Comby ' urges the importance of 
suspecting scurvy in an infant whenever it is obserA'ed to keep its 
limbs still and cry if they are touched. This is said to be a constant 
symptom in nurslings, but not in older children. The progress of the 
disease is marked by great and progressive anemia, apathy, spongy 
gums, hemorrhages into various structures, particularly under the 
periosteum and muscles, with suggestive thickenings around the ahafta 
of the long bones, producing a state of pseudo-paralysis.** 

While the acute stages of infantile scurvy are comparatively rare, 
incipient cases are more common, and not always easily recognized. 
Comby ^'^ reports that 90 per cent of the 72 cases of this disease which 

« Abels, Wien. klin. Woch. 33, 899, 1920. 

* See Hesi and Fiah, Am. J. Dia. Child. 8, 386, 1014. 

• Hess, Am. J. Dis. Child. 12. 152, 1916. 
» Comby, J. Med., Paris. 1920, 1. 673. 

•• Seven children were cured of Barlow's disease by feeding them exclusively 
upon milk. In Hve of the cases the milk wna heated for 10 to 36 minutcfl and in 
two cases the heating was prolonged to one hour. It is concluded that the 
vitamin is not as readily affected by heat as has been assumed. The concen- 
tration of the food, i. e^ the water content, is important. Nobel (Z. Kinder- 
hcilk. 28, 34S, 1921). 

Morikawa (Igokkwai 19, 9, 1920; Endocrinology 4, 615) concludes that the 
hypertrophy which is similar to th&t found in polyneuritis gallinarum indicates 
that the absence of a necessary vitamin is also an etiological factor in Barlow's 
disease. 

" Comby. Bull. 80c. Med. Hop. Par. 45. 288, 1921, 
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he encoootered had been wron^y diagnosed by the attendtng physi- 
cian, Tobler *^ states that m addition to the infants suffering from 
manifest scurvy there are a far laiiger number of latent cases with 
characteristic muddy complexion, lack of appetite, stationary weight, 
and fretful di8]>06ition. 
In a discussion of this disease Hess remarks:" 

lofutite scurvy differs clinically Irom the other de6ciency diseases mainly 
in the fact that it is characterised by the productioa of hemorrhage in various 
parts of the body, hemorrhage into the gums, into the akin, beneath the perios- 
leum, into the kidneys, etc. A etudy of the pathogenesifl of these hemorrhages 
has Aown that they were not the result of alteratioas of the blood itself, a 
delayed coajnilabiUty, or a decrease of blood platelets, but that they were due 
to the alteration of the blood veasela which allow the blood to traverse its walla. 
This alteration probably should be regarded merely as a part of the general 
tissue changes which occur in this disorder. 

Although hemorrhage is not encountered in beriberi, a careful consideration 
will diow some clinical relationships between these two diseases. As is well 
known, signs of involvement of the nervous system are the characteristic mant- 
festations in beriberi. A study of the cases which came under our view ^owed 
that infantile scurvy is not entirety free from nervous signs. The knee jerks 
are iooreaeed, there seem to be slight involvement of the optic disks in some 
eases and perhaps sensitivenen of the cutaneous nerves. Again, dilation of the 
right heart, a remarkable pathological condition which has been frequently de- 
scribed in beriberi and noted by Andrews in infants who had suffered from 
this disease, was found to occur likewise in infantile scurvy, as demonstrated 
in numerous Roentgen ray examinations. Oedema, which is such a common 
symptom in beriberi, is not frequently present in infantile scurvy. In fact, 
there is one form of this disorder, an exceptional type, where oedema is most 
marked. In this connection it should be remembered that degeneration of the 
nerves has been found by Ingier in some animals sulTering from scurvy, that 
Hoist and Fr6Uch have noted that guinea pigs fed on decorticated or highly 
milled rice, developed scurvy and not beriberi, and that Darling has reported 
that in some African negroes a diet that catised scurvy in one set of men, caused 
neuritis in others. There is evidently, therefore, a definite interweaving in the 
symptomatology of these two deficiency diseases. As is well known, beriberi is 
produced by a diet of dcoorlicated rice and may be cured by feeding the rice 
polishiogB. In this regard, there seems also to be some connection between 
the two diseases, for we found that the giving of wheat middlings, which may 
be regarded as the pericarp of the wheat, in some instances resulted in a prompt 
amelioration of the symptoms, although it was unable to bring about a complete 
fltire of the disorder. 

Certain of the lower animals, notably guinea pigs, are extremely 
susceptible to scurvj', while other species such as the rat and the 
prairie dog appear to be immune.^' Whether this immunity is real 

" Tobler. Ztschr. f. Kinderh. 18. 63, 1918. 

" Hesf. Proc. 2nd Pan. Am. Sci. Cong. Sec. 8. Pt. 2, p. 49. 

1* McCoUum and PmoD^ J. Biol. Chem. U, 603, 1930; McClendon, Cole, 
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or only apparent is an interesting question, but one which is difficult to 
settle, since the only test known for the presence of the antiscorbutic 
factor in foods is the biological method and this may not be sufficiently 
delicate to detect small quantities present. A very interesting investi- 
gation has recently been made by Parsons ^* who has been able to 
show that tJie livers of rats fed on a typical antiscorbutic 
ration for from 213 to 247 days were high in antiscorbutic, as 
shown by the guinea pig test. Scarcely any difference in anti- 
scorbutic content was demonstrable between the livers of these rats 
and those of control animals on a normal diet. This seems to show 
that the rat actually requires the factor for its metabolism, but 
whether it is synthesized in the body of the animals or received in 
small amounts in the food is at present unanswerable. Preliminary 
experiments are said to suggest the existence of the same phenomenon 
in newly hatched chickens. Plimmer ^' notes that pigs fed on cooked 
food, consisting of a mash composed of meals, sharps or middlings 
and turnips, developed Bcur\T. The animals were cured by giving 
them the same food but in the raw condition and by increasing t)ie 
quantity of turnips, which are rich in the antiscorbutic factor. 



The symptoms of guinea pig scurvy have been very carefully noted 
by various observers. A full description is given by Cohen and 
Mendel ^* who remark as follows: 

In the guinea pig this is a diaeuue the onset of which is usuatly characterized 
first by a tenderness of the joints ; and the wrists, ankles and knees 
become involved in the order named, though there are many exceptions. 
There follows in a day or so, a gradual swelling of the affected jointa, 
often to twice or three times the original diameter of the bone. Sometimes in 
the younger animals a joint will fracture spontaneously, — the wrist being most 
susceptible in tins regard. The older aniniA^ develop a difficulty in using their 
hind legs, which seem to become stifTened or paralyzed. In order to relieve the 
pain in the affected memiber, the animals will lie on their side or back and 
assume the scurvy position described by Chick and Hume.*" If curative 
measures are instituted early enough, the swelling disappears entirely; if not, 
these knobs harden into exostoses that can be felt through the skin. The 
disease appears also to a£fect the junctions of the ribs witli the cartilages, and 



Engstrand, and MiddlekaulT, Ib„ 40, 257. 1919; Punk. 76., 25, 400. 1916; Har- 
den and Zilva, J. Path. Bact. 1919; Hoist and Frtilich. Zeitsch. f. Hyg. Infek. 
72, 1, 1912; J. Hyg. 7, 634, 1907; Drummond, Bioch. J. 13, 77, 1919. 

" Parsons, J. Biol. Chem. 44. 687. 1920. 

" Plimmer. Biochem. J. 14, 570, 1920. 

u Cohen and Mendel. J. Biol. Chem. 35, 426. 1918. See also Qiveiu and 
Cohen, 2b. 36. 132. 1918. 

" Tr. See, Trop. Med. Hyg. 10. 141, 1917. 
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in advanced eaaas it is poesible to palpate these coetocboodral enlargementA 
described by Jackson and Moore.*' 

Accompanying the joint enlargement, one notices a marked hypersenative- 
neas that is succeeded by a dullness or lethargy. The aymptoms described may 
appear while the animals eat well and gain m weight steadily. Then foUowa a 
low in appetite with a resulting decline in weight to death. 

Hemorrhage of the gums in scorbutic guinea pigs has been reported by Mc- 
Collum and Pitz, and Jackson and Moore have found it ia a few of their 
animals. However, Givcns and Cohen, in common with Hoist and FrSlich, 
and with Oerstenberger, never obtterved this feature. Very rarely (in four 
cases) there was an appearance of submucous hemorrhage at the base of the 
lower incisors. Oftener (in ten or fifteen cases), there was obetfved a h>'peremta 
or congestion at the same site. 

Looeeniog of the teeth was quite a common occurrence in the animals with 
scurvy. Occasionally during life, the lower incisors were shown to be loose. 
Sometimes they could break off, though never in normal piga or in animals 
with scurry that was recently developed. At autopsy the lower molars were 
nearly always loose,— at times to such a degree as to permit the teeth to be 
removed easily with forceps. The upper molars on the contrary were not so 
often affected in this manner. 

The X-ray picture of tlie affected joints is reported to be characteristic of the 
disease. As first shown by Fraenkel, there appears at the junction of the 
epiphysis and diaphysis of the long bonts a white line which recedes very 
slowly after other symptoms have gone. 

At autopsy the two most noticeable conditions are hemorrhage and fragility 
of the bones. The viscera often were normal in appearance; though now and 
then the stomach, intestines, or cecum showed congestion, hemorrhage or ulcera- 
tion. These would occur usually on the oat and water or oat and milk diet, and 
less frequently on the soy bean diet. 



The similarity between the symptoms thus described and those of 
human Bcur\'y leave no room for doubt as to the identity of the 
disease in both species. 

Hess and Unger ^^ point out that all work on this subject should be checked 
by careful histological examination of the bones. Changes occur in the epiphy- 
seal ends of the honfs which are typical of scurvy and differ from those which 
occur in other diseases of the bony system. It is, therefore, imperative that 
such lesions be found before we take it for granted that wc are really dealing 
with scurvy. Hess and Unger have encountered microscopic lesions at autopsy 
which were considered characteristic of true guinea pig scurvy (hemorrhages in 
to the costochondral junctions of the ribs and swelling of the joints) but which 
later microscopic examination proved to resemble rickets. The bones of the 
animals referred to in this study showed the typical " frame work " marrow at 
the epiphyseal junction, a marrow poor in cells and rich in connective tissue; 
it did not show the osteoid tissue always associated with rickets. 

i« Jackson and Moore, J. Infec. Dis. 19, 478, 1916; J. Am. Med. An. 67, 
1931, 1916. 

» Hess and Unger, J. Biol. Chem. 35, 473; 35, 470, 1018. 
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Zilva and Wells'^ have described the changes observed in the 
structure of the teeth of scorbutic guinea pigs. Even where no micro- 
scopic signs of the disease had been detected during the life-time and 
only the faintest traces could be discovered witli the naked eye at 
post-mortem, well-defined microscopic changes were invariably de- 
tected in the structure of the t«eth. In advanced cases of scurvy the 
teeth were found to be apparently soimd but useless, inasmuch as 
they had been loosened by the gradual absorption of the cement mem- 
brane of the alveolar sockets, leaving the portion below the neck 
exposed. Probably pereostitic pain accompanies this condition as is 
the case with himian patients. In addition, the teeth presented all 
the appearance of senile change.'^ 

The condition in young guinea pigs was precisely the same as in 
the older animals, and the siunc changes have been observed in 
monkeys. 

The circumstances under which scurvy makes its appearance points 
as indicated, to a dietetic origin for this disease, a hypothesis which is 
further supported by the beneficial effects of fresh foods or certain 
preserved fruit juices. Nevertheless certain other theories have been 
advanced from time to time. 

Wright *' claimed tliat the sjrmptoms of ecxirvy were caused by 
acidosis, a theory which has never found much acceptance ** an4 
which is entirely disproved, so far at least as guinea pig scurvy is 
concerned, by th^ study of the alkaline reserve of the blood in scurvy 
made by McClendon, Cole, Engstrand, and Middlekauf.'* 

Chronic poisoning by tainted meat and fish was held responsible 
by Jackson and Harley *' a theory which found some acceptance 
when first promulgated, but the experimental evidence on which it 
was based has not been supported by later work and is itself suscepti* 
ble of other interpretation.*** 

M ZUva and Wells, Proc. Roy. Soc. DOB, 505, 1910. 

" Talbot (Dental Coenios, 63, 79d, 1021) coondera iotcrstiii&I KinKiv-itia 
(pyorrhea alvooUris), its occurrence u m dalicicncy diseue, and its retatioiuhip 
to acurvy. 

»» Wright, Anny Med. Dep. Rep. 37. 3W. I8ft5. 

» See Purtt, Nonik. Mag. Lag. 1912. 1 ; Hoist and PrOlich. Z. Hyg. 73, 1, 
1912; Punk, J. Biol. Chem. 25, 400, 1916; Labbe. Haguenea, and Nepvettx. 
Bull. mem. boc. me. Hop. 44, 1091, 1020. Chem. Abe. 1920. 3207. 

>* HcClendon, Cole, Engstrand. and Middlekauf, J. Biol. Chem. iO, 243, 
1919. 

>• Jackson and Harley. Une. IDOO, i. I1S4, Proc. Roy. Soc. 1000, 06, 290, 

** Hoist and Prtilich, Z. f. Hyg. tnfekt. H. 1, lOU. 
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The theory of bacterial origin ■' is refuted by the work of Givens 
and Hoffman " who found that the blood of scorbutic guinea pigs is 
invariably sterile, regardless of the diet on which the disease is pro- 
duced. No marked difference was found in the intestinal flora when 
smears and cultures were made from different parte of the intestinal 
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Fig. U. — The upper chart shows the failure of skimmilk powder from 
summer-produced milk to protect against scurvy. The lower chart indi- 
cates & similar failure when using wint«r-prGduced milk. 

Courtesy of Memrs. E. B. Hart, H. Steenbock, N. R. EUia and Journal 
of Biological Chemistry (46, 311. 1921). 



" Copluit, Tr. Epidemiol. Soo. 33, i, 1904; Jackaon and Hoody, J. Infect. 
Dis. 19, fill, 1916. 

** OiTcns and Hoffman, Proc. Soc. Biol. Chem. J. Biol. Cbem. 41, ^-'^"'. 
lOQO. 
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tract of guinea pigs on a diet of oats alone, on oate plus 3 cc. of lemon 
juice daily, after scurvy developed, on soy cake diet, and on the same 
plus cabbage after the appearance of scurvy. The observations re- 
corded as to the presence of bacterial infection in certain cases of 
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Fia. 13. — The upper chart shows tie failure of a whoie milk powder 
made by a spray process to protect against scurvy. An improvement is 
shown in the lower chart which records the reaulta of feeding a larger 
proportion of the same milk powder. This powder ftiU reUuned some 
of the antisccM^utic vitamin but not enou^, even at this high level of 
feeding, to protect all individuals. 

Courtesv of Messn. E. B. Hart, H. Stcenbock, N. R. Ellia and Journal 
of Biological Chemistry (46, 314. Itt2l). 

scurvy can easily be explained by the susceptibility of animals in a 
poor condition of health to such infection." The faulty intestinal 
*• See HcCoUom and PiU, J. Biol. Cbem. 31, 233. 1917; Abels, Wien. klin. 
Wocb. 33. 899, 1930. 
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condition referred to by Steenbock " is also doubtless a result rather 
than the cause of the disease, and the same may be said of inanition.'* 
The theory of McCollum and Pitz '* relating scurvy with chronic 
constipation has been disproved by numerous investigators. The 
argument is summed up by Cohen and Mendel." 

It is highly improbable, they obaerve, tlmt coo^tipation ia tlie predispoaiug 
cause of scurry, as can be eecn from the results ia feediuf; millc A small 
amount ingested daily permitted the onset of symptoms of scurvy, while large 
quantities, which were not less constipating, caused the scorbutic ^mptoms 
to disappear. Moreover, aids to the ready elimination of feces, like dlfferiog 
amounta and kinds of roughage caused no corresponding change in the couree 
of the disease. Contrary to the findings of McCollum and Pitz, other investi- 
gators, namely Hess and Unger,^ were unable to protect or cure animals with 
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Fia. 14. — This winter-produced skimmed milk, converted to a powder 
by a roll drying process, had lost in a considerable measure its antiscor^ 
butic properties. In most cases the onset of scurvy was greatly delved. 
The powder contained 0.35 per cent of fat. 

Courteiry of Messrs. E. B. Hart, H. Steenbock, N. R. Ellis and Journal 
of Biological Chemistry (46. 317. 1921 J. 

daily additions of mineral oil to a scurvy-producinK diet. Neither were they 
able to induce active scurvy in a latent case by the production of marked con* 
stipation with morphine. Recently Hess and Unger reported the cure of 
scurvy by means of intra-venous injections of orange juice. This successful 
antiscorbutic effect apparently was not due to specific relief from constipation 
or its attendant intestinal complications. 

On the other hand, one must not forget that marked scorbutic symptoms 

*> Sci. Mo. 7, iTfl, 1918. 

" Furst, Z. Hyg. 72, 121, 1912; Lewis and BUrr. J. Biol. Chem. 28. 17, 
1916-17; Cohen and Mendel, J. Biol. Chem. 35. 430, 1918. 

" McCollum and Pitx. J. Biol. Chem. 31, 229, 1917; Pitx, Ih., 33, 471, 1918. 

» Cohen and Mendel. J. Biol. Chem. 35, 425, 1918. 

>« Hess and Unger. Proc. Soo. Exp. Biol. Med. U, 82, 1918. 
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Zilva and Wells " have described the changes observed in the 
structure of the teeth of scorbutic guinea pigs. Even where no micro- 
scopic signs of the disease had been detected during the life-time and 
only the faintest traces could be discovered with the naked eye at 
post-mortem, well-defined microscopic changes were invariably de- 
tected in the structure of the teeth. In advanced cases of scurvy the 
teeth were found to be apparently soimd but useless, inasmuch as 
they had been loosened by the gradual absorption of the cement mem- 
brane of the alveolar sockets, leaving the portion below the neck 
exposed. Probably pereostitic pain accompanies this condition as is 
the case with human patients. In addition, the teeth presented all 
the appearance of senile change.*^ 

The condition in young guinea pigs was precisely the same as in 
the older animals, and the same changes have been observed in 
monkeys. 



The circumstances imder which scurvy makes its appearance points 
as indicated, to a dietetic origin for this disease, a hypothesis which is 
further supported by the beneficial effects of fresh foods or certain 
preserved fruit juices. Nevertheless certain other theories have been 
advanced from time to time. 

Wright '^ claimed that the symptoms of scurvy were caused by 
acidosis, a theory which has never found much acceptance*" aqd 
which is entirely disproved, so far at least as guinea pig scurvy is 
concerned, by thd study of the alkaline reserve of the blood in scurvy 
made by McClendon, Cole, Engstrand, and Middlekauf." 

Chronic poisoning by tainted meat and fish was held responsible 
by Jackson and Harley ** a theory which foimd some acceptance 
when first promulgated, but the experimental evidence on which it 
was based has not been supported by later work and is itself suscepti- 
ble of other interpretation.*" 

*" Zilva and Wells. Proc. Roy. Soc. 90B, 505. 1919. 

'1 Talbot (Dental Coemos, 63, 793, 1921) cooaiden interstitial gingivitis 
(pyorrhea alveolari«), its occurrence aa a deficiency diaeaae, and ita relationship 
to Bcun-y. 

" Wright. Anny Med. Dep. Rep. 37, 394, 1895. 

" See Furat, Norsk. Mag. Lag. 1912, 1; Holat and Frblich, Z. Hyg. 72, 1, 
1012; Funk, J. Biol. Chem. 25. 409, 1916; Labbe. Haguenea, and Nepveux, 
Bull. mem. boc. me. Hop. 44. lOM, 1920, Chem. Abs. 1920, 3207. 

>« McClendon. Cole, Bngstrand, aod Middlekauf, J. Biol. Cbem. 40, 243, 
1919. 

^B Jackson aod Harley, Lane. 1900, i. 11S4, Proc. Roy. Soo. 1900, 66, 250. 

** Hoist and Frolich. Z. f. Hyg. infekt. 72. 1. 1912. 
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In view of the known data regarding the pathology, chemistiy, and symptom- 
atology of scurvy oa the one band, and regarding the important function played 
by calcium in bone growth, nerve conduction, vessel scaling, and cell permea- 
bility on the other, Gerstenberger considered that all of thet% different 8>-5item 
eymptoma might be explained on the common baaia of an interference with oue 
<x more of the normal functions of calcium and ita physiological anion in the 
osseous system, vascular system, nen^ous system and probably other systems. 
That scurvy is not a calcium deficiency disease is indicated by the increase in 
the calcification at Frankel's line but while there is an excess of calcium 
deposited at one part of the bone there is nevertlieteas in all probability not so 
much calcium in the bone na a whole in advanced stages of scurvy as there 
would be in the normal bone, because the rate of growth of the bone is much 
less rapid than under normal conditions, while the normal process of resorption 
is going on, producing a rareflcation and brittleness with consequent loss of 
material. He fed cod liver oil containing tncalcium phosphate to scorbutic 
animals, but without result. Similar ill-success attended the administration of 
calcium in different forms by HoUt and Frdlich.'^ 

Pitz " was able to protect guinea pigs against scurvy for 18 weeks 
by addition of meat and tricalcium phosphate to a ration of rolled 
oats and milk. He found some benc&cial effect from the ingestion of 
tricalcium pliosphate alone, but not so pronounced as when meat was 
introduced. Calcium chloride was more effective than tricalcium 
phosphate, showing that the pliosphorus is not of prime importance. 
When sodium chloride was added to the oats, milk, meat, and trical- 
cium phosphate ration the onset of acurvj' was delayed still further. 
Pit2 concludes from this that the chlorine metabolism is deranged in 
scurvy as well as the calcium metabolism, and that the added calcium 
salts afford a certain amount of protection by controlling the perme- 
ability of the tissues of the animal and thereby affording protection 
against invading agents. 

Pugliese *■ asserts tliat the conditions produced in animals by a 
ration of dried grain are not dependent upon the absence of the anti- 
scorbutic vitamin, but are caused by a change in the reaction of the 
organic fluids, and a resultant demineralization of the organism, 
especially with respect to phosphorus and calcium.'^' 

" Holat and FrdHch, Zeitdch. Hyg. Infekt. 72, 1, 1912. 

YounK guinea pigs weighing 250-300 g., fed on a diet deficient in water- 
soluble C, show at ileatli a pronounced increase in weight of the adrenal glands; 
this may indicate a compensatory response to the decreased adrenaline pro- 
duction known to exist in the scorbutic animal. The heart and kidneys ap- 
pear to be increased in weight on scorbutic diets, while the Uver shows no 
effect, LaMer and Campbell (Proc. Soo. Exptl. Biol. Med. xS, 32, 1920). 

» Pitz, J. Biol. Chem. 3fi, 439. 1918. 

» Pugliese. Rend. r. Inst Lomb. Sci. Lett. 62, 723. 1919; Physiol. Ab- 
stracts 5. 92, 1920. 

svi Findlay (Biochem. J. 15, 355. 1921) claims that lack of vitamin ^ is in 
no way responsible for the Icaioos that occur in experimental scurvy. 
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Howard and Ingvaldsen ** studied the mineral metabolism of the 
monkey during experimental scurvy, but without significant result. 
They state that the changes in the mineral excretion of the monkey 
during the scorbutic period are not sufficiently significant to admit 
of easy interpretation. The marked loss of the various mineral sub- 
stances encountered in previous experiments with man and guinea 
pigs not ha\'ing been observed in the present series. These investi- 
gators are of the opinion that a study of the intake and output of the 
inorganic elements in human adult scurvy and the experimental scurvy 
of the guinea pig and the monkey does not yield sufficiently decisive 
information to warrant an explanation of the pathogenesis of scurvy. 

Robb^^ found that guinea pigs subsisting on a diet of dried 
plants 14 or 21 days before the experimental period, eliminated twice 
as much calcium as those that had been on a green diet. Scurvy ap- 

Ced in all animals. 
hi!e there is either lack of confirmation of or positive evidence 
nst each theory of the origin of scurvy except that of deficiency 
in diet, there is convincing evidence in favor of this in the history of 
the disease and its treatment. As early as the middle of the 
Eighteenth Century Ltnd published an account of the disease show- 
ing the remarkable curative power of orange and lemon juice." This 
quaint report is of interest from a historical standpoint: 

Oq tlie 20tb of May, 1747, I took twelve patients in the ecurvy, on board 
the "Salisbury" at 8ca. Their cases were as similar aa I could have them. 
They all in geaeral had putrid gums, the spots and lassitude, with weakness of 
their knees. They lay together in one place, being a proper apartment for th« 
sick in the fore-hold ; and had one diet common to all. vis. water-gruel sweetened 
with sugar in the morning, freah mutton-broth oftentimes for dinner; at other 
times light puddings; boiled biscuit with sugar, etc., and for supper, barley and 
raisins, rice and currants, eago and wine, or the like. 

Two of these were ordered each a quart of cider a day. Two others took 
twenty-6ve drops of elixir vitriol, three times a day, upon an empty stomaofa; 
using a gargle strongly acidulated with it for their mouths. Two others took 
two spoonfuls of vinegar three times a day upon an empty stomach; having 
their gruels and their other food well acidulated with it, as also the gargle for 
their mouths. Two of the worst patients, with the tendons under the ham 
rigid (a s>*mptom none of the rest had) were put under a course of sea-water. 
Of this they drank half a pint every day, and sometimes more or less, aa it 
operated by way of gentle physic. Two others had each two oranges and one 
lemon given them every day. These they ate with greediness, at different times 
upon an empty stomach. They continued but six days under this course, hav- 

**> Howard and Ingvaldsen, Bull. Johns Hopkins Hosp. 28, 222, 1917. 

1«i Robb, Science 52, 510. 1920. 
*« Lind, Treatise on Scurvy, London, 2nd Ed. 1757. 
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ia0t mammed dK f^fumtitf^ AaC «aiiid be apand. T!ie nm iwrwiimiy yliraf 
took dM biffieM it a atmityy d ir g e omei & -Jay of ao. eleecvv' r ^'^pr^fFtmiirrf 
bf * b rw i Hfl ri-^ m p ujii , oMte of pvfie:, axoManlraeeft sd. Trnphai balmn. of 
^iin, MMt ipuiL si?rsti; tHBnf fiar *'«"*"'— <ir3ik. bsier vaser mil OTrfnfatrrt 
mtfc ttmarawfa; bf * >iwmKtion of vhi^ wish, ifae ■riitinnn of •ssiuB'-artir. 
A^ WWB. gently pmysd Avw or faor tbnea 'fannm die tawise. 

Th« >'>wffni#mre ms, Aac the okmc suidoi ud Twbte food ^eea wc 
P«r8er7efl firam di« tae of die gmuM bkI lemoDa; ooe (^ diaae wfia had takca 
Ai« btOBC se A« ead <tf mx (fa^s fit Cbr daty. The apoca were noc iwii'wl 
qmite off Ub body, oar bit gnnM Mond; box widuxoc uy adier mriK i mr ttea 
* atrnjM Miii of elmr Titnoi, be *'**«*'^ qtiite healcby brfarc we cuiie istD 
Plymoath, whiefc mw oa Ae Ucb of June The odier ma Ae beat l e ui t q e J 
of asy ia bis eoaditiaa; tad beiaff aov deemed ^veccy veO, waa ippomted max 
to dw reat of dK aefc. 

?(«tt to Ae oraa^ea, I dun^ Ac eider had die beat dbea. It wae mdeed 
aoc rery awrnd, bexof mrfinahfe to be aisre or pricked. H u w g.m, duae ^o 
bad takea it were ia a fairer my d l e uweij chaa die ocfaen at die ad of die 
lortaisbt, wbieb ma die leoctb of the tinie all cbeae difierBit uiuijaa mre con- 
taoed, eittpC die ona^ea. Tbe patre&eciaa of tfaeir gana, bat cspedaQy daeir 
laaiiriide siui wrtikiwrn, were aam abal abated, aad the^ appetite imiiaaid 
by ft. 

The regular admimatration of kmoa jmce preaenbed by Uie Britidi 
Admirality in 1780 and the similar repilatioQ adopted by the Board 
of Trade in 1865 has resulted in the complete disappearance of the 
dimMfi from the navy and mercantile marine. Whereas in 1780 the 
number of ca.«efl of smirvy received into Haslar Hospital fa purely 
naval hoflpital) was 1457, there was only one case in 1806 and one 
more the following year. Or. Baly *■ states that in several prisons 
the occurrence of scurfy wholly ceased on addition of a few pounds 
of potatf>efl being made to the weekly diet. Hoist** asserts that 
when the Eskimos suffer from this disease they turn to the liver of 
seals or better to fresh " matok," a preparation from the skin of 
whales, for cure. 

Wliile the experience of generations has pointed to fresh fruits and 
vegetables as the preventive and cure of scurvy, only after the dis- 
covery of Hoist and Frolich,** that the disease could be induced in 
guinea pigs by restricting them to a diet of oats and water and that 
the symptoms thus produced responded to the same treatment which 
had Ijeen found effective in human ecur\*y, did it become possible to 
clflBsify foofls into those which do and those which do not possess anti- 
scorbutic jKiwer.** Tradition has placed the juice of lemons and 

*» 1814-61, quoted by the University Encyclopedia. 

** Holit, " 15th International Cong, of Hyg." Waah., 1912, ii, 688. 

" Holft and FrttHch, J. Hyg. 7, 634, 1907; Z. f. Hyg. Infekt. 72, I, 1912. 

** For detailed classification see Chap. 4 and Appendix. Disfjibution of C. 
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Figfc 17, IS and 19 supplied through the courted of Mesr«. K. B. Hart, 
H. Steenbock. N. R. Kllid and Journal of Biological Chemutry 42, 396, 1920. 

oranges first among the ciirative substances, and modem research 

largely confirm-- this view, although certain other vegetable products 

have been found to be equally efiBcacious. Tomatoes, raw or canned, 

the uncooked juice of the Swedish turnip, leafy vegetables, especially 

cabbage, eaten raw. the sprouted seeds of cereals, peas, or begins are 

all efficient antiscorbutics. It is an interesting laci that tJie Swedish 

turnip, which mi^t at first sight appear to be quite unrelated to the 

other classes of vegetables named, is really a member of the order 

Cruciferae, to which belong the cabbage and the *' scur\*j*-grasi? " 

(Cochlearia officinalis) much esteemed in olden days as a cxire for the 

disease. Bachstrom, in 1734, told how a sailor in the Greenland 

shipe, 80 disabled with scurvy that he could only crawl about the 

ground, was put ashore by his companions and left to perish. In his 

desperate state he nibbled the grass growing on the shore, which 

chanced to be scurvy grass, and in a short time recovered so that he 

was able to find his way home.*' 

The minimum daily doses of fresh citrus fruit juices required to 
protect a guinea pig from scurvj' were found by Davey (Biochem. 
J. 15, 83, 1921) to be as follows: Lemon 1.5 cc, orange 1.5 cc. and 
lime 5 cc. To avoid the acid efifects of these juices tliey were first 
partially neutralized with sodium carbonate. 

Animal food, while of undoubted value, is less effective than vege- 
table products. Cow's milk contains comparatively little of the neces- 
sary factor, especially after pasteurization. Fresh meat is effective 
if eaten in sufficiently large quantities, but the necessary cooking les- 
sens its value. In general, heating and drying decrease the anti- 
scorbutic effect of foodstuffs, the deterioration being proportional to 
the time of exposure, but some foods, for instance, tomatoes, with- 
stand such unfavorable conditions better than others. Chick and 
Dalyell *^ have reported many cases of scurvy developing among 
children who were under treatment for tuberculosis and consequently 
on a diet rich in antiscorbutic foodstuffs. Investigation showed that 
these foods had been subjected to prolougetl cookiug in the course of 
which the antiscorbutic properties had evidently been completely 
destroyed. Similar cases of a theoretically ndequntc diet being ren- 
dered scorbutic by over-cooking of tlie food occurred from time to 
time in the annies during the war. 

It is to be remembered that our data as to the antiscorbutic 
efficiency of different foods is in large measure derived from guinea 

*T Quoted ID Rep. 38, Med. Res. Com. London, 1919. 
«« Chick and Dalyell, Z. Kinderheil. 36. 257, 1920. 
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requirement for this factor it is quite possible that certain foods which 
would appear from these experiments to be entirely devoid of anti- 
scorbutic vitamin may actually contain an amount which would af- 
ford sufficient protection to a less susceptible annual . For practical 
purposes, however, the guinea pig test is quite satisfactory, since it 
serves to distinguish those foods which are relatively high from those 
which are at least relatively low in antiscorbutic content. 



CHAPTER XIII 

XEROPHTHALMU 

ExPERiMENTEKS in animal nutrition have frequently observed the 
susceptibility of animals on certain deficient diets to an afifcction 
of the eye wiruh )« variously described as a conjunctivitis,^ a xe- 
rophthahnia ' or a keratomalacia.^ This usually begins with swelling 
of the eyelid?, followed by an iiiflnnmiation of the conjuiu-tivitae and a 
haemorrhagic discharge which frequently bcctjmes purulent. Unless 
treated the eomea eventually becomes involved and total blindness 
results. 

Wason * sumfi up the results of a study of the patholoK>' of this 
eye condition as follows: 

1. The primary ctiolopcal factor in ophthahnia of rats is lack of the 
vitamin A. 

2. The nature and mechanism of the change in these rats whereby 
their corneas are rendered susceptible 1o bacterial invasion is 
unknowTi. 

3. The type and virulence of the organism of secondary infection 
determine, in part at least, the course of the disease. 

4. The anatomic manifestations of the disca.sc arc characterized by 
hyalinization or necrositi of the outer layer of the corneal epithe- 
lium, exudation of scrum and cells into epithelium and stroma, 
and proliferation of the blood vessels and fibroijlasts. In ad- 
vanced cases in\'asion of the anterior, and occasionally of the 
pc»steri(tr chamber result. 

5. The degree to which restoration is possible depends on the ex- 
tent of the secondary injury. 

While this disease has been most commonly reported in rats, 
Nelson and Lamb ■ have found that rabbits are also susceptible, al- 
though they failed to produce the characteristics in guinea pigs or 

1 Falta and Nocggerath. Beit. 3. Chem. Physiol, u. PatJj. 7. 313, 1906. 
Knapp, Z. f. Kxp. Path. 5, 147, imjS; Steenbock, Soi. Mo. 7, 179, 1918. 

2 McCollum ami Simmonds, J. Biol. Clieiii. 32. 182, 1017. 

3 Stevenson and Clark, liioch. J. 14, j02. 1020. 
* Wason, J. Am, Mrd. Aks. 76. 908. 1021. 
a NeUon uad Lamb, Sci. 62, 393, 5G6, 1020. 
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chickens under the same conditions. Guerrero and Conccpcion" 
however, report cases of xerophthalmia developing in fowls fed on a 
polished rice ration. Of five birds on an exclusive diet of polished 
rice all developed polyneuritis and one became blind. Of 30 more 
which were given polished rice with the addition of " tikitiki extract " 
five developed polyneuritis and seven died after developing xeroph- 
thalmia, which appeared in some cases as early as the seventh day 
and in others not until the seventy-ninth day of the experiment. 

Symptoms similar to those noted in animals have been described 
in young children whose diet is known to have been deficient in fat, 
Mori ^ reported over 1400 cases of such a disease in Japanese children, 
which he believed to be due to fat starvation and which was cured 
by administration of liver (chicken and fish) or eel fat. Czerny and 
Keller • describe what are probably analogous cases of eye disease 
in children suffering from malnutrition as a result of restriction to a 
cereal diet, and further instances, all of which appear to be of dietary 
origin, are given by Monrad * and Ronne ^° and Bloch. ^^ Bloch 
describes over fifty cases observed in Copenhagen. The most .severe 
cases occiured in children about twelve months old, who had been fed 
on separator milk, and were characterized b)' hardening of the cornea, 
idceration, necrosis, and ultimate blindness. External treatment gave 
little relief and no permanent improvement. As all the patients showed 
pronounced symptoms of malnutrition Bloch was led to connect the 
eye disease with this general condition, and investigation into their 
previous diets suggested that the most serious defect in their nu- 
trition was lack of fat. The treatment consisted in feeding on whole 
milk together with as much cod liver oil as could be tolerated, which 
lieoulted in the rapid disappearance of the eye trouble together with 
marked general improvement. On milk alone, w^ithout the addition of 
the cod-liver oil, recovery was much slower, and was frequently 
'too late to save the sight. 

A particularly interesting case noted was that of an orphanage in 
which there were 86 children of various ages up to two years. The 
!imnatee were diWded into three sections, group I, made up of in- 
fants and ailing children, and two groups, Ila and lib, of older 
children. Eight cases of xerophthalmia appeared in group Ila, while 

« Oueirero and Conccpcion, Phil. J. Sci. 17, 99, 1920. 
T Mori, Jahrb. f. Kinderh. 69, 175, 1904, 

• Crerny and Keller, Dea Kindes, Leipsic. 1906, pt. 2, p. 67. 

• Monrad, Ugesk. f. Laeger, 79, 1177, 1917. 
" Ronne, Ugesk. f. Laeger, 79, 1479, 1917. 

" Bloch, Ugeak. f. Laeger. 79, 349, 1917; Rigahoep. Boemeaf. Med. 2. 1, 17; 
67, 1918. Quoted in Rep. 33, Med. Res. Com. p. 76. 
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the rest of the institution was free from it. Group I was receiving 
the whole milk, on which they all made satisfactory progress. Group 
1 1 received an apparently liberal diet of cocoa, buttermilk, milk foods 
made with separator milk, various kinds of bread, margarine, cereals, 
fruit syrups, boiled fish, minced meat, and mashed potatoes. No 
butter, eggs, or cream was used, and no whole milk except a small 
amount which was given to group lib with a beer and bread por- 
ridge for breakfast. The children in Ila (the group in which the 
xerophthalmia appeared) breakfasted off rusks and gruel and were 
given no whole milk. As this small addition of whole milk to tha 
diet of one group was the only variation in the treatment of the 
older children it would appear that it must have been sufficient to 
prevent the onset of the disease in group lib. Local treatments have 
failed to cure the eye condition (although it was slight in all cases.) 
Ten gma. of cod-liver oil were administered twice a day, resulting in 
a complete cure in eight days. Thereafter the separator milk in the 
diet was partly replaced by whole milk. 

On the other hand, von Groer *' succeeded in maintaining two in- 
fants during their first half- year of life on a practically fat-free 
diet, consisting at first of separator milk and sugar alone, and later 
of a porridge made with skimimed milk and sugar. The children 
grew at practically normal rate, and no symptoms of eye disease 
are reported, although there are some indications of lowered nutritive 
condition. Still more striking is the study reported by Hess ** in 
which five infants varying in age from five to twelve months were 
fed for eight or nine months on a diet consisting of ISO gms. of 
highly skimmed milk ("Krystalak," 0.2 per cent fat), 30 gms. cane 
sugar, 16 to 30 gms. autolyzed yeast, 15 c.c. of orange juice, 30 gms. of 
cottonseed oil, and cereal for the older infants. On this diet they are re- 
ported to have done well and to have shown no signs of eye trouble. 

While these results indicate that a fat deficiency may be withstood 
for a comparatively long period without ob\'ious injury especially in 
early infancy, it may still be contended that prolonged feeding on 
such diets may be responsible for the onset of the disease in question. 

That the fats tlieraselves are not the influential factor is indicated 
by the cases referred to in which the disease developed on a diet 
containing a moderate amount at least of margarine, and finds con- 
firmation in the work of Osborne and Mendel " in which they 
demonstrated that rats could be maintained in excellent nutritive 



" Von Order, Bioch. Z. 07, 311, 1916. 

>» HcBB, Proc. Am. Soc. Biol. Chem.. J. Biol. Chem. 41, xxxii, 1920. 

i« Oeborne aod Mendel, J. Biol. Chem. 45. 145. 1920. 
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condition over considerable periods of time on diets practically free 
from fats provided they were supplied with adequate ainounta of the 
vitamin A.^^ If A is lacking in the ration on the other hand, the 
disease almost invariably makes its appearance among rats, even 
though the diet be amply supplied with fats such as lard and cotton 
seed oil." 

While there is general agreement as to the close connection of this 
disease with deficiency of A, there is some difference of opinion as to 
whether the eye-trouble is the direct outcome of the deficiency or is 
an infection which is successfully resisted by the normal animal but 
which develops and spreads rapidly when the resistance is lowered by 
malnutrition. Hopkins and Chick ^' state that animals deprived of 
A become highly susceptible to bacterial infection. 

In the case of rats tliey note that this lowered resistance first be- 
comes apparent in many cases by the appearance of a characteristic 
infection of the external eye, which has been provisionally classified 
as a xerophthalmia. Osborne and MendeP' remark: "Another 
type of nutritive deficiency exemplified in a form of infectious cye- 
fdisease prevalent in animals inapproprately fed is speedily alleviated 
by the introduction of butter-fat into the experimental rations." 

Hess, McCann and Pappenhcimer *■* carried out some tests in- 
volving feeding young rats a diet markedly deficient in fat-soluble A, 
The diet consisted of casein, rice starch, salt nuxture and^ as fatty 
material, Crisco was used. In one case yeast also was administered 
and in another series of tests the animals were fed orange juice. A 
control set of rats received the same diet except a portion of the Crisco 
was replaced by 6% of butter-fat. They found that young rats re- 
ceiving the diet, complete except for lack of fat-soluble A, invariably 
failed to grow and generally developed keratitis. 

BuUey " kept about 500 young rats on experimental diets for over 
a year, 50 per cent having an adequate amount of A, and the re- 
mainder on diets in which A was either deficient or absent (as shown 



" See also Drummond. Bioch. J. 13. 95. 1019. 

i> Goldschmidt, Arch. f. Ophth. 00, 354, 1915; Preise. Goldschmidt. and 
Frank, MonaUchr. f. Kiaderb. 13, 424. 1915; Halliburton and Dninunond. J. 
Physiol. 51, 235, 1917; Steenbock, Boutwell, and Kent. J. Biol. Chcm, 35, 517, 
1918; Steenbock and Gross, 26, 40, 501, 1919: Steenbock and Boutwell. lb.. 
41. 1&3, 1920; 42, 131. 1920; Steenbock, Sci. 50, 352, 1919; Enimett and Stur- 
tevant, Sci. 52, 390, 1920. 

i» Hopkins and Chick, Rep. 38, Med. Res. Com. p, 17. 

" Osbome and Mendel, J. Biol. Chem. 16, 431. 1913. 

u> Hess, McCann and Pappenheimer, J. Biol. Chem. 47, 305, 1921. 

" Bulley. Bioch. J. 13. 103, 1919. 
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by failure to grow). All were given fat-free alcoholic extract 
yeast preparation as a source of J3. During the whole period only five 
cases of xerophthalmia developed, of which two occurred on a diet 
which contained a limited supply of A; one occurred on a diet in 
which there was presumably sufficient -4 ; one on a diet in which there 
was no A; and one on the ample stock diet. Two of the an i mals were 
growing well at the time, one remained with weight unchanged, and 
one lost weight. Each experiment lasted three or four months, and in 
each at least eight other rata were used which showed no sign of 
xerophthalmia. Bulley also reports unpublished experiments carried 
on by Totani, who kept rats for many weeks on a diet of extracted 
starch, extracted casein, sugar, lard, and the artificial salt mixture of 
Osborne and Mendel, without any signs of xerophthalmia, although 
Hopkins had previously found that this identical diet brought about 
typical xerophthalmia within fourteen days. BuUey believes there-^ 
fore that xerophthalmia is an infection, and that improvement 
addition of i4 to the diet is simply the result of general improvemi 
in health. 

Stephenson and Clark " ascribe Bulley*s results to lack of suffi- 
cient purification of the basal diet. They found that among 46 rate, 
on a diet defficient in A, 28 per cent developed the typical eyc-troubi 
which was cured in every case by administration of A. 

Against the theory of infection is the fact that the disease canno 
be transmitted from one animal to another.** Moreover, although 
absence of any one of the eesential factors from the diet results ifl 
malnutrition, the xerophthalmia referred to is generally regarded as 
specific to deficiency of A. Steenbock" states that an indistinguish- 
able form sometimes occurs in animals on other rations," a theory 
which would serve to explain the obser\'ations of Funk and Macallum. 
These observers ^* found that rats fed on a yeast and butter 
diet often exhibit the eye affections regarded by most investJH 
gators as characteristic of dietary deficiencies. Macallum" notea 
that the substitution of moist brewers yeast for the dried form relieved 
the eye trouble to such an extent that it could be easily controlled by 
the use of dilute sulphate solutions, and Funk and Dubin '• ha' 

" Stevenson and Clark, Bioch. J. 14, 502, 1920. 

" Emmctt, Sci. 52, 167, 1920; Nelion and Lamb, lb., 566; Am. J. 
51, 530. 1020. 

»" Steenbock, Sci. Mo. 7, ITO, 1918. 

" Sro alflo Steenbock and Boutwell, J. Biol. Chem. 41, 90, 1920; BuIIc 
Bioch. J. 13, 103. 1919. 

" Funk and Macallum, J. Biol. Chem. 27, 51, 1916. 

" Macallum, Tr. Roy. Can. Inatit., 1919, p. 175. 

» Funk and Dabin. Sd. 62, 44S, 1920. 
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reported that out of 30 rats on artificial diets only one developed 
keratomalacia, and Uiis was one which was getting five per cent of 
cod Uver oil in the ration. In this case the eye condition was cured 
by the administration of about 2 cc. of autolyzed yeast per day. 

McColIum" regards xerophthalmia as a true deficiency disease 
specifically due to a lack of A. His view is confirmed by Emmett " 
who reports that out of 122 rats in a group fed on a diet iu which 
A was lacking, 120 (98.3 per cent) showed positive signs of xeroph- 
thalmia sooner or later, and when A was present, with or without B, 
none of the 319 rats under observation showed evidence of this 
trouble. All the rats were fed individually in practically ever>' case. 
They were kept in metal cages without any bedding, provided with 
a special removable wire screen floor. The cages and the food and 
water cupa were always disinfected once or twice a week. The con- 
ditions were precisely the same for all the rats and the possibilities 
of infection were uniform. 

Osborne and Mendel ^ have reviewed the statistics on 1000 rats 
from their own stock to which no animals have been admitted from 
extraneous sources for several years. 

All of these animals have been, under study for at least a year. They are 
kept in the same laboratoiy under conditions which are identical except a.-* to 
diet. Their cages are sterilized twice a week, buf the rate are regularly weighed 
in a common container, and it ia stated that the proximity of the open-me^ 
wire cages to one another offered sufTicicnt opportunity for disi^ni I nation of 
contagion. Nevertheless, in observations on several thoiu^anda of rats tlicy have 
never observed the distinctive symptoms of eye disease in any animals except 
those suffering from deficiency of A. The results for the particular group under 
conBideration are summed up as follows: 

Total Number with 

number e>*e trouble 

On diets deficient in .4 136 69 (50%) 

" « " " B 225 

" other factors 90 

" " experimental b\it presumably 

adequate 201 

" mixed food (stock diet) 348 
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Id only a few cases did adminislraLion of A fall to effect a cure. In a num- 
ber of cases a dosage of 100 mg. of butter-fat per day effected a cure witiiin a 
week, and in others 42 mg. of grass oil per day relieved the symplom.s within 

" McCollum and Simmonds, J. Biol. Cham. 32. 182, 1917; McCoUum. 
Simmonds, and Parsons, lb. 38, 124, 1019. 
28 Emractt, Sci. o'>, 157, 1920. 
" Osborne and Mendel, J. Am. Med. Aaa. 76, 905, 1921. 
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10 days, 70 mg. of Alfftlfa oil within nevea days, and 66 mg. of spt3uck oil viliiin 
21 days. They point out that the xerophthalmia is rare in more mature aniiiiaLa 
even on dintJi free from .1. Frcise, Goldschmidt :ind Frank (1. c.) could not 
oIiHTve it ill rafj^ which weighcil more ihan 120 k. wh*'n the t'xperimont^ started. 
Osborne and Mendel, however, have oecasiooally obse^^'ed it even in large 
auinmls. 

McColIum ^° emph.ifnzcs one point which may help to explain some 
of the apparently contradictor}' results of different obscr\''crs; namely, 
that an amount of ^4 which is amply suflBcient when the diet is other- 
wise well constituted will prove inadequate in other cases where the 
quality of one or another factor is of a low order. In the case of 



Fiu. 20. — ThiK c'iiild was fed on i<kimmed milk 
and as a re^-nilt an ulcor developed on one eyeball. 
The remedy is the use of plenty of cream, butter 
or cod liver oil. 

Courtes>' of the Connecticut AgrciuUural Ex- 
periment Station (Bulletin 215, Photograph from 
Bloch). 
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animals on a diet consisting principally of seed products it has been 
found that xerophthalmia develops unless additional A 13 supplied. ■ 
If, liowever, the gee<l ration is supplemented by additional proteial 
and inorganic salts, in Ixitli of whicli seeds arc deficient, the animaln 
may withstand the onset of xerophthalmia for a long time, ev«a. 

" McCoUum, "Newer Knowledge of Nutrition.'* p. 87; McCoUmn 
Simmonds, J. Biol. Chem. 32, M7, 1917. 
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tliough DO supplementary A is given, whereas if the deficiency is made 
up in respect to one factor only, for instance inorganic salts, the com- 
bined effects of lack of two factors simultaneously (in this case pro- 
tein and i4) will hasten the onset of xerophthalmia. 

When judging the effects of the diet on an animal, McCollum advo- 
cates the precaution to take into account the fact that the diet is a 
complex thing, and that if it is properly constituted with respect to 
all factors but one an animal may tolerate it without apparent injurj' 
whether the fault lies in one or another of tlie essential components. 
Hence the value of one component may fall well below that which 
will lead to serious malnutrition, when a second dietary factor is like- 
wise inadequate. 

The suggestion has been made occasionally that " night blindness " 
is a deficiency disease occurring in adults but related to the xeroph- 
thalmia of children and animals on a diet deficient in A. The observa- 
tion that mature animals are ^■er\• little susceptible to eye trouble as 
a result of such deficiency would cast some doubt on this theory. 
More convincing, however, are the observations made by Appleton 
in the course of a study of the diet in Labrador,'^ from wliich the con- 
clusion is reached that night blindness is a negative after-image 
following long exposure to tho dazzling glare of sun on snow. A poor 
diet may increase the probability of seeing after-images just as fatigue 
does. The disease occurs almost exclusively among men in Labrador, 
and yields readily to any treatment. Only two cases could be found 
to have occurred among women. 

Bi Appleton, J. Home Ec. 13, 190, 1921. 



CHAPTER XIV 

PELLAGRA 

Whether pellagra is or is not to be regarded as one of the 
deficiency diseases from the point of view of the vitamin hypothesis is 
still open to question. There is, however, sufQcient evidence for the 
affirmative to warrant its consideration at least.^ 

The disease is one which has been common for centuries in some 
parts of Europe, notably in Northern Italy and Roumania. It made 
its appearance in Southern France in the disastrous period following 
the reign of Napoleon, but disappeared later, apparently with the 
betterment of economic conditions, and is now almost unknown there. 
While there are records of occasional cases in the Southern United 
States as far back as 1828,^* it was little known until about the begin- 
ning of the present century. In the course of the last twenty years 
it has increased rapidly, no fewer than 500,000 cases having been re- 
ported within this period. The Metropolitan Life Insurance Com- 
pany, which operates extensively in the cities and towns of the South, 
records 2,310 deaths from this disease between 1911 and 1916, a death 
rate which is higher than that for either malaria or general tuber- 
culosis. In 1916 pellagra ranked fourth as a cause of death in 
Mississippi, with 840 deaths, third in Alabama, with 677 deaths, and 
second in South Carolina, with 627 deaths. At the time of the second 
Pan American Scientific Congress it was said to be practically un- 
known in Central and South America, but Roberts has recently stated 

1 Babes (Bull. soc. set. »ca<l. Rouma.inc 6, 13S, 1920) considers that recent 
researches have not been of a nature to clarify either the etiology or the patho- 
geDejiis of pellagra. He thinks they have only increased the uncertainty by 
new hj-potheses, by misinterpretation of facta, and by poorly executed work] 
which will pass into oblivion. The following facts concerning pellagra he aver 
have been eaUblished: (1) The close relationship of the disease with the cat«| 
ing of maize, especially unwholesome maize. (21 The predistposition produc 
in inanition, weakness, congenital deterioration especially of a nervous type,] 
certain diseases, and convalescence from these diseases. (3) The specific natural 
of pellagra. (4) The favorable action of an abundant mixed diet and the 
ministration of atoxyl. 

*• Goldberffcr, Proc. 2nd. Pan. Am. Sci. Cong. 1917, Section 8. Pt. 2, p. 20.' 
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that it is now found in Mexico^ Yucatan, Panama, and the Hawaiian 
Islands, as well as in every state in the Union. 

It is very commonly asserted that pellagra attacks the white race 
more frequently than the negroes, but while this is true in certain sec- 
tions of the country, in others the reverse holds. In Charleston, S. C. 
there are said to be three cases among the colored population to every 
one among the whites, while in Alubaraa the disease is evenly dis- 
tributed among the negroes and the whites.' 

It has very rarely been obaer\'ed in children imder the age of one 
year, but is not so rare in the second year and fairly common between 
two and twelve years. The period from twelve to sixteen years is 
Lfelatively free from initial attacks of pellagra, but after sixteen, pel- 
rlagra incidence rises rapidly in women, the rise being especially sharp 
in colored women. It is very much more common among women than 
among men. In a group of 414 cases between the ages of 20 and 44 
coming under the observation of the Thompson Pellagra Commis- 
sion there were 357 women as against 57 men.' Between the ages of 
20 and 50 years, however, the number of women attacked gradually 
diminishes and the number of men gradually increases, so that the 
two sexes are approsdmately equal in this respect at 60. In old age 
the onset of pellagra is slightly more common in men than in women. 

The disease is a periodic one, appearing in the spring and early 
summer and disappearing again as colder weather sets in. The symp- 
toms are described by Goldberger ' as follows: 

Iq a fairly well developed thoiit^h aot advtmced c&se the disease sliows iteelf 
by a variety of aymptoms, of which weakness, nervouaness, indigestion, and an 
eruption form the most distinctive combination. The eruption is the most 
fharacteristic telltale of the disease and the main reliance in ltd recognition. 
When the cnjption first shows itaclf it may look \'er>' much like a sunburn, the 
deceptive resemblance to which may, in some casca, be heightened by the subse- 
quent peeling with or without the formation of blisters. In many cases the 
inflamcd-lookinf! skin first turns to a somewhat dirty brown, frequently 
parchment-like, then quickly becomes rough and scaly, or cracks and peels. In 
many instances, however, the beginning redness is not noticed or docs not occur, 
the first and perhaps the only thing observed being the dirty-looking scaly patch 
of skin very much like and frequently thought to be no more than a simple 
weathering or chapping. 

Among the moat distinctive peouliarities of the eruption is its preference for 
certain parts of the body surface. The backs of the hands in adults and the 
backs of the feet in children are its favorite sites. Other parts not infrequently 
attacked are the sides or front of the neck or both, the face, elbows, and knees. 

> Siler. Proc. 2nd Pan. Am. Sci. Cong. Sect. 8, Pt. 2. p. 14. 

• Siler, lb, 

* Goldberser, Pub. Health Kepts. 33. 481. 1018. 
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From these or other points, for it may attack any part of the body, it may spread 
to a varying degree. Another marked peculiarity of the eruption is its tendency 
to appear at about the same time, and to cover eimilar areas, both as to extent 
and peculiarities of outline, on both sides of the body. TTiue it may be stated 
as the r\ile that if the back of one hand or of one foot, one elbow, one knee. 
one side of the neck, one cheek, or the lid of one eye is affected, then the corre- 
sponding part on the other side of the body is affected, and affected to almost 
exactly the same extent. Thia rule, however, is not without miiny exceptions. 
It must not be assumed, because the back of one hand or of one foot or of one 
aide of the neck alone seems to be involved, or is involved to so slight an ex- 
tent as to be almost nothing in comparison with the involvement of the other 
side, that the poasibitity of the disease being pellagra may be thrown out of 
court without further ado. 

Although the main reliance in the recognition of the (Uscase, the eruption of 
pellagra, not infre<iuent]y is very tardy in making it9 appearance, while, unti! 
it appears, it is ordinarily impossible to determine the presence or absence of 
the disease with certainty, a shrewd suspicion may, nevertheless, be formed 
from a careful consideration of the other symptoms. This applies only to a 
limited extent to children, in most of whom the manifestations of the disease, 
other than the eruption, are slight and frequently difficult or impossible to make 
out. It has happened more than once that the liveliest of a group of children 
was found with a well -developed eruption. Notwithstanding this, however, care- 
ful questioning of the mother, if she be obaervant, not infrequently develops 
the fact that the child seems to her less active than common; in some cases it 
is evidently listless and fretful and the mother may also recognize that it has 
fallen off in weight. In older individuals a complaint of loss of strength witli 
indigestion or ner\'ouKneaB, or both, coming on or made worse in the spring or 
summer and improving in the fall and winter, are very frequently met with. 
The patient will complain of being " worked out," of having " blind staggers " 
(distiness, vertigo), of discomfort or pain in the pit of the stomach, frequently 
of headache, sometimes of wakefulness, frequently also of sluggishness of the 
bowels, requiring the habitual use of medicine to move them. AJtliough, as 
has already been said, these symptoms alone or even with the addition of such 
symptoms as a burning or scalded feeling of the mouth, reddened tongue, burn- 
ing of Uie hands or feet and loose bowels are not enough to distinguish pellagra 
from other conditions, they are ample to justify a suspicion of the disease, 
especially if such individual is known to be finicky or a nibbler about food, or 
has been living on a diet made up largely of biscuits, corn bread, grits, gra\'y, 
and sirup, with little or no milk or lean meat; in other words, on a diet mainly 
of cereals, starches, and fat, with but little, if any, of the animal Oeah (proteia) 
foods. 

As the disease progresses the patient loses strengtti and flesh, the skin shrivels 
and the bones become prominent. The muscles waste and the mo^'cments are 
slow and languid. The nervous symptoms consist first in a melancholia, later 
the delirium may become maniacal in character; twitchings, tremors or epilep- 
tic seizures are frequently seen. 

Boyd," discussing the disease as it appeared among the Ttirkig^ 

prisoners in Egypt, states that the first symptoms appeared to be 

■ Boyd, Roy. Soc. Med. Sec. Ther. and Farm. Nov. 1919, Lane. 1919. ii, 979. 
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loss of appetite, followed by failure of hydrochloric acid, failure of 
pancreatic juice, failure to assimilate, decomposition of protein, and 
finally excretion of indican. There was also severe loss by diarrhoea. 
Metabolic observations were made upon Turks who did not show 
these symptoms, and it was foimd that their excretion of fat and pro- 
tein were both well above the normal, showing that they were already 
in what might be called a pre-pellagrous state," 

I^wis ■ reports that the chemical composition of the blood of pella- 
grins shows no abnormal deviations, but degenerative changes have 
been observed in the tissue ^ and in the cells of the sympathetic ner- 
vous system." 

According to Nicolaidi,** a comparison of analyses of feces, urine, 
and food of pellagra patients shows that considerable demineralization 
occurs in the organism; there is a pronounced decrease in the amount 
of nitrogen, phosphates, magnesia, lime, and potash excreted in the 
urine and a surprising increase in the amount eliminated in the feces, 
t Comparative experiments with patients suffering from other similar 
affections showed that this derangement of absorption is quite charac- 
teristic for pellagra. Hunter, Givens and Lewis *•* found, however, 
that pellagrins have no difficulty in maintaining nitrogen balance even 
on moderate amounts of protein in the food. 

Sullivan, Stanton, and Dawson ^^ state that the mineral metab- 

"* Varioia Ihcoriea regarding the cause of pellagra are reviewed by Vi- 
swalingam (J. Trop. Med. Hyg. ai, 153, 1918; as, 46, 1920: Expt. 8tA. Record 
43, 263), Further e^'idence is given in confirmation of the view that both the 
deficiency and the parasite theory hold good in the etiology of the disease 
among the Chinese in the Malay States. The freedom of the Malay and Tamil 
laborers from the disease ia thought to be due chiefly to the better quality of 
their diet, which includes a variety of fresh vegetables and more or less meat. 
That faulty diet is not solely responsible for the disease ia shown by the sea- 
sonal recurrences of eymptoraa in patients placed in a hospital with adequate 
diets for conBidembSe periods of time. " Whether the infecting agent is an or- 
ganism which enters the gastro-intestinal system and produces a toxin which 
gets absorbed into the system and produces the varied symptomatology, or 
whether owing to a deficiency in the vitamins some deleterious products are 
I created in the intestines and give rise to an intoxication of the system, it is 
difficult to say at present." 

• Lewis, Hyg. Lab. Bull. 116. p. 37, 1920. 

1' Sundwall, U. S. Pub. Health Bull. 106, 5, 1917. 

• Roof, Roy. See. Med. Sect. Ther. and Pharm. Nov. 1919; Lane. 1919. ii, 
979, See also Vedder, 3rd Rep. Thompson, Fell. Com. p. 340; Roberts, Pel- 
lagra, St. Louis, 1912; Wood. Treatise on Pellagra, New York, 1912; Pollock 
and Singer, Arch. Int. Med. 11, 565, 1913. 

• Nicolaidi. Zentr. Bioch. Biophya. 15, 815; 16. 676. 
»o Hunter, Givens, and Lewis, Hyg. Lab. Bull. 102. 
i> Sullivan, Stanton, and Dawson, Arch. Int Med. 27, 3S7. 1921. 
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olism of pellagrins seezos to bo abnormal, especially in the actively 
pellagrous state, as instanced by the low phosphorus excretion, despite 
the fact that the diet taken at the time of the observations was gener- 
ally one with abundance of milk. There were indications of heightened 
putrefaction in the intestines, and casts or albumen or both in the 
urine gave evidence of more or less kidney change in about 50 per 
cent of the cases, although marked pellagra can occur with no evi- 
dence of kidney change. They observed low excretion of total nitro- 
gen and ordinary urinary constituents. The urea ration in general 
was low, and in certain cases with fair total nitrogen the urea ratio 
was lower than should be expected, a finding which suggests liver in- 
sufficiency. The low excretion of uric acid aud creatinin during the 
active stages of the disease shows a low level of metabolism. The 
utilization of protein was found to be subnormal, even after several 
weeks of remedial diet. 

Murlin *■ found that the quantity of hippuric acid excreted by pel- 
lagrins, especially those kept on a corn-vegetable diet, was from two 
to three times the quantity excreted by normal men on a normal diet, 
and suggests that this may be a factor of some imjxtrtance in connec- 
tion with the disease. 

Voegtiin and Harries ^^ made chemical analyses of the breast mitk from 
five cases of uncomplicated pellagra and found no striking deviations in com- 
poeitioa from normal human milk. L<actose, fat, total N, and total solids were 
within normal limits but below the average. Casein and lact&Ibumin showed 
but a very moderate diminution. Total ash and P^O^ content were normal. CI 
and Na were present in larger amounts than normal. The percentage of Ca, 
Mg and K vraa slightly below normal. Tee>LtJ were not made for the vitamin 
content of the milk, and it may possibiy have been lacking in these compounds. 
The total volume of the milk was frequently greatly diminished. Both total N 
and non-protein N in the milk were apparently increased by a change from a 
low-protein to a high-protein diet. 

Gastric digestion is frequently below normal, due to hypoacidity ** 
and to reduced pepsin content'* in the gastric juice. Preti and Pol- 
lini ^° report that several enzymatic processes are either entirely sup- 
pressed or proceed irregularly. In many cases neither rennin nor 
rennin zymogen could be detected and failure of the pretcolytic and 
amylolytic power of the feces was also obser\'ed. Some cases are 
characterized by profuse diarrhoea, others by persistent constipation. 

" Murlin, Hyg. Lab. Bull. 116. p. 45, 1920. 

i"« Voegtiin and Harriet. V. 8. Public Health Ser. Hyg. Lob. Bull. Ii6, 73, 
1020. 

i* See Meyers and Fine. Am. J. Med. Sci. 145, 706, 1913. 

>< Hunter, Givens. and Lewis, Hyg. Lab. Bull. 102. 

" Preti and PoUini, Rif. Med. 1911, No. 27; Zentr. Biooh. Biophys. 13, 54. 
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A great variety of theories have been advanced as to the cause of 
pellagra. From the frequency of iU occurrence among maize-eating 
people it was at one time believed that this grain or some constituent 
of it was responsible/* but this hypothesis, so far at least as it sup- 
poses a toxic substance in or formed from maize, has been 
discredited.^^ 

Voegtlin^* concluded from the clinical and pathological aspects 
of the disease that it represents a chronic intoxication from some un- 
known substance in the vegetable food, but notes that deficiency of 
either vitamins or amino acids might also be accountable. 

Raubitschek " regarded the sjinptoma as due to a photodynamic 
action of sunlight in the presence of some constituent of com. This 
view is supported to some extent by Suarez,*" but disputed by Ruhl '^ 
and Rondoni.^' Allesandnni and Scola " suggest that pellagra is 
silica poisoning, due to the presence of colloidal silica in the drinking 
water. Aulde ** has advanced the theory that calcium depreciation 
is responsible. Blosser " ascribes it to excess of sugar cane products 
in the diet, since exclusion of partially refined sugars and sirups from 
the diet was followed by a cure in 121 of his cases and improvement 
in eight, while fomr died. Yarborough *■ regards it as an auto- 
intoxication (acidosis) due to a diet rich in carbohydrates. Certain 
authors have endeavored to trace a connection between the intestinal 
bacteria and pellagra.*' Others " have regarded it as an infection, 
probably of a protozoal nature, carried by sand fiies. All attempts 

^* See HorbacKevsM, Gas. Lek. Ges., 1930, No. 37; Zentr. Bioch. Biophys. 
10, 932; Carbone and Cazzamalli, Giom. r. eoc. ital. d* ipene, 1914, 5, 51, 99, 
151; ZeatT. Bioch. Biophys. 17. 635, 1915; Volpto, Pathologica. 6, 174; Zentr. 
Bioch. Biophys. 16, 370; Volpino and Bordoni. PatholcRica, 5, 602; Zentr. Bioch. 
Biophys. 18, 459, 1915; Rondoni, Sperimentale, 69, 723, 1916; Trop< Difl. 
BuU. 7, 63, 1916. 

i» Sambon, Brit. Med. J. 1913, ii, 1, 9, 297. 

" Voegtlin, J. Am. Med. Ass. 63, 1094. 1914. 

" Raubitschek, Centr. Bakt. 1, Abt. Orgi. 57, 193; Wiener Klin. Wochens., 
1910. 963. 

" Suarez, Bioch. Z. 77, 17, 1916. 

»i Ruhl, Dermatol. Woch. 60. 113, 151, 176, 1915; Trop. Dis. Bull. 7, 66, 1916. 

" Rondoni, Lo sperimcnt, 65, 307; Zentr. Bioch. Biophya. 12, 716, 

*' AUesandrini and Scola, Z. Chemother. Orig. 2, 156. 

" Auldc, J. Med. Rec. 90, 181, 1916. 

w BlOBBcr, South Med. J. 8, No. 1 ; J. Am. Med. Ass. 64, 673, 1915, 

» Yarborough. Med. Rec. Sept. 1916. 

"' Neuiaer. Wicn. Med. Presse, 1887, iv, 146. De. Oiaxa, Annali dTgien. 
Soer. Roma, 1S92, 1903; McNeal, Am. J. Med. Sci. 145, 801, 1913. 

" Sambon, J. Trop, Med. 13, 271, 287, 305, 319, 1910; Roberta, J. Am. Mod. 
Aas. 56, 1713, 1911. 
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to transmit the disease from one person or one animal to another have 
failed, however." 

The Thompson Pellagra Commission " has compiled a mass of 
evidence which they believe indicates that the disease is communi- 
cable and has its origin in defective sanitary conditions. They state 
that new cases usually occiu* during or within six months of residence 
in close proximity to a pellagrin in the active stage of the disease, and 
that the installation of a water-carriage system of sewage disposal 
at Spartan Mills, without any change in the habits or mode of life 
of the inhabitants, transformed the community from a pellagra focus 
to one in which pellagra no longer spreads. Although old cases still 
suffer recurrence, even these have decreased in number. 

Jobling and Peterson/* in their survey of pellagra in Nashville, 
came to practically tlie same conclusions as the Thompson Commis- 
sion. Their observation that a close relationship exists between the 
sanitary condition of the different parts of Nashville and the incidence 
of i>ellagra, tends to strongly support the view that the disease is asso- 
ciated with poor sewage disposal. The sanitary conditions in those 
districts where pellagra is common are of the worst sort, in many in- 
stances there being little pretense made of doing anything with the 
excreta; which in siuumer is covered with flies. Screening was usually 
absent from those houses where the disease was found. Vcdder, on 
the other hand, holds that the proofs offered in support of this theory 
are insufficient and susceptible of other interpretations." He says: 

To accept this zone distribution of cases as pointing to ac infectious agent 
u the cause of pellagra appears to involve an inconsistency. We must neoea* ' 
aarily assume that the infectious agent is conveyed in some manner from houM^ 
to house, and also from the frequency with which contiguous houses are at* 
tacked that it is susceptible of being distributed with a considerable decree of 
certainty. In other words, we must awume that the organism causing tlie disease 
must be very highly infectious if it ia capable of making it dangerous to live 
next door to a case of pellagra. Yet, in institutions, pellagra in a doctor, nurse 
or attendant ia so rare as to be a curiosity. Here tliere is an infection ro power- 
ful that it often spreads from house to house, and yet which is powerless to' 
attack attendants performing the most intimate of personal services. Such a 
peculiar incidence ia conceivable in a disease carried by an insect, if the hospital 
attendants were protected from that insect. But as the method of tronsmissioaJ 
is unknown, measures to prevent insect transmission could not have been intel-^ 
ligently adopted in these institutions, many of which are infested with bedbugs, 
Uce, biting flies and mosquitoes. 

'* Lavinder, Francis, Grim, and I^renz, J. Am. Med. Ass. 62, 1093, 1914; 
Goldberger, Publ. Health Repts. 31, 3169, 1916. 

^ Siler, Oarrieon and McNeal, 2nd and 3rd Repta. Thompson Pellagra] 
Commission. 

»> Jobling and Peterson. J. Infect. Dis. 18, 501, 1915. 

■* Vedder. 3rd Rep. Hiompaon Pell. Com. 



Is there B tendency of pdlagra to occur in th&t part of ft comwalur teftes 

a primitive system of di^oeal of excreta uid to b« ftbiMl te ik* 
portion having » proper Bewer system T The onmmiai^cii has iktmm 
that pellagra in Spartanburg is much commoner in thaw m^tkaaa •! 
the city having priviea than in those sections of the city having a Mwtr qriMM- 
The sewer system runs throughout the buaiueea sections aod boltar r«M4«M* 
districts, while the poorer residence districts, including the several fod ol mSi 
workers, are not thus suppUed. . . . The commianaa potali lo Ite 
epidemic of pellagra occurring in Peoria as an instanea ol Iha OMiBnaM 
of the disease in a well-^ewered institution, but thinla that tiM ilissMS 
in this case may hare been spread by contact. While freuly granliag Ikt^ 
we must see that the occurrence of aucfa an extensive epi<lctiiM o( paUngm m a 
well-eewered institution must neeessarily detract from tha importUM* of tW 
sewer system alone as a factor in reducing the prevalence of pclUgra m tfas sso* 
tioos of Spartanburg it supplies. It should further be remembered that as pei* 
lagra in the Peoria institution disappeared after a radical change for tha bcitar 
had been made in the dietary, together with the enforcement of MKregalioa of 
pellagrins, the disappearance of the disease cannot logically be attritmtiMt to the 
lattor fact alone. Of course a brief discussion of one or two tsolatad tpstaasee 
can not do justice to the large number of observations aocumulatod fagr tha 
commission on this point, but apparently the oommisaion doas ool baHtvo llM4 
they have any direct proof that pellagra has dinppearad as tba wiH of la* 
proved methods of conservancy alone. 

It is to be noted in this connection that Boyd aUtct that Lho ■aal- 
tation and water supply was entirely satisfactory in the prison eampt 
in Egypt in which the disease developed, and that an exhauaikvo 
search for any causative origin other than a faulty diet woa withimt 
result. 

Goldberger is the leading exponent of the theory of diotAiy origin 
for pellagra." Investigation has shown that Iho diet oi pollocdrM U 
almost invariably restricted and ill-balanced. Fat »n4 •Afbrihydralii 
predominate, and aninuJ protein is low, or may be mm trttm tint 
following diets taken from those reported by Vtdder*^ m ly|iiiMil; 

MiH T^ mill opcra ti t o . 

nrrsOTisHy; eaooed asiokOD 
giMiof n&ai tf-n 

Dnoer: Meat, woaOy 
or twice a week, fried mi 
a month; had iFfgiriMw^ i 
can&ed T^ a rt ab to , h^ im 
of 




Hoi Umo^ bttUor OAd utt,\»mma, rtm, 

Ifogu i Htfy : am^ o eovplt of Umm • wmIi; i^4m, 
bflikd wMi ra«irtoilo»; U4 ffwit Um4 9im 
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MO ^fSTYSctOBB or I00D8 

aad ma aceflMt ^tpt. 

Mx>. H^ I KB lie a aS nBiSK: BbtaUMi: Bmh 

tsiee a vcek, otfaer aanav bMOB; csflce; ccp nMr. 

HMMiBHi ilDHK ImaB; birik pslatoei; CkA wttA 

tl wKpptt wiA ■q^Abc left ow fron dnsM 

TWre He mmt m tte fiis^r, vtt mvim AiUMa, froK ffuwlua ymn to foar 
aoatt^ sad Oer pgiJimi craqr iMaii: m pon^ iov, «m hiwfcrl eon 
meoL ooe pedc IriA potwtw 

Ma. B^ wife of mill openlm. Bkmkfsot: Raee. oetwinil rwMnmHf, 
hemimf brnqpeatfy, breedl, batter aad jdfy; eaSee; efp aewsl dmys a ««^; 
iBviaterfreik meet oftee a veek. 

Doner: InA pof t oei^ beeoa and TrtPteMw, beaoi^ P^m^ ok* tarmp peene; 
faRad iad b u tt e r . 

Bapptr: IriA poWof^ eorafaveail aBaetinea, otiieraue «^eak faeead. butter, 
awl aagrtkinc kft fron diBaer; driakv do milk: has a diickea nrrifimiefb, bot 
MtoAm. 

Vcdder sums up his obeervatiQiiB aa follows: 

in eoDira] it may be s&id thaX the great baOc of the food of these 
poorer pellagrins coosiftfi of wheat floor, eonuneal, potatoes, salt pork 
and boiled vegetables, aod that duriDg the winter eren tiksae latter 
are scarce and consist chkfly of beans and cabbage. In sooie insianoee 
a co n s tder able amount of canned meats and vegetables were used, 
but most of the peUagrine did not use these to any eodent It will be 
seeD that the great bulk of the food consisted of carbohydrates and 
that protein foods sucfa &3 meat, milk and eggs are relatively littie 
used. It is also important to notice that wheat flour, commeal and 
salt meat are deficient in both scurvy and beriberi vitamina. Pota- 
toes possess the scurvy vitamin, but are relatively very low in beri- 
beri ^dtamins. It has been demonstrated that the vitamins present in 
canned goods may be destroyed by the sterilisation to which they are 
subjected. It is therefore clear that these people are U\'ing in great 
part on foodstuffs the continued and disproportionate use of which _ 
will produce either beriberi or scuny, or both. It may be asked why | 
these people do not suffer from these diseases. This is because they 
all eat sufficient fruit or fresh vegetables to protect them from scurvy, 
while many of them eat peas and beans frequently. These rank as 
good preventives of beriberi. But it is quite reasonable to suppose 
that possibly there is some third deficiency in wheat flour, combread, 
etc., from which they are not protected by these additions. Generally 
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bj the poor, tfae £et v : 



o< nest, mhsA is aot 
« fimitad im tbe wiotcr. 



IfpeUftp» 
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18 tkoe vinler laoBlfaK tlwt H develops 
and the ijmiiIi— anieir m tiie flpriog. At about tlut tiiM cbb, 
milt, EnA rt^fitaUm aad indts beeone abandaat aad cfaeap, are 
need in eoBadefafale ■^■■■^■'Stt ■■ eanpaRd vith the winter diet, and 
the patieata for the most paK reoofvcr, only to ikrelap aDotfaer recur- 
rezice the faOoving flfving after anotiwr wint«r on a oooparatively 
liautai dieL 

To the cases above mfliaMdj aQ of whidi eame from the poorer 
danee, whoee <fiet is laiselj g ovcr a ed by necearity, may be added two 
or three earning from veU-to-do fanultee: 

Mn. D^ hnifife m coofcrtable fiminMliiMnii ItrwMMt: Grits or caA- 
wami, hmm cr baeoo; eMs aa en aboat tvo ■wTrnieci a week; brcAd. Uaeuit 
atatoi that Ihc cbatf part of her bnakfait is bread aad buttar 




floap (caaned), beaae^ aad Iri^ potatoes; m hbey, cocn and oUkt 
wgNahfaa ia nanMr, but aB winMr naia part of dtaaer » beans, and pota- 
faread aad oAen pie or cake; one ^aas buttennilk. 
Sue as dmner. 

Meat is aermed often but patient states that dks doea not cax« for it and 
alaoBt aerer eats it. Three tduhs in family ponhaM maathly: 100 pounds 
flour, one peck eonimeal, one peck potatoes. 

Mn. B^ irife of haidware dealer in oocnfortable circumstances. Bnakfasi: 
HomiDv and other cereals; ooe ecs> neariy ereiy moraing; btactiits or toast or 
batter cakes with coffee; very rarely a anall pteee of steak. 

Dinner: Macaroni, occasionally, usu&Uy Irigh potatoes or rioe, steak is 
served for (he rest of the famib', but ahe never eats it. States that she never 
has cared for meat. Oocaaooally had chicken or fish and micfat eat a tittle of 
these. Practically no Tegetables in the winter, when ^e ate almost aothinc 
but potatoes and bread. Eren during the summer, when Tcgctablos were plcn^, 
she ate mostly potatoes, as she pref^red them. Had &1» been a hcut)' bread 
eater, aad eata more of this than anything else. Says she could almost Uve on 
bread. 

Supper. Just bread and jelly. Has eaten this for supper as long as rfie can 
remember. Did not dhak milk, and x»ed very little butter. Has coatinued 
cutting one thing after another out of her diet because ^e thought tlie foods 
thus omitted were the cause of indigestion, and for neaiiy a year before her 
iUnesa, lived chiefly on bread and potatoes. 

Mrs. T., housewife in well-^to-do circumstances. Breakfast: Elither oatmeal 
or grits; bacon or bam; usually ate an egg several times a week; bread, butter 
and coffee. 

Dinner: Usually salt pork boiled with vegetables. During the winter when 
there were not many vegetables, used canned goods. Also had canned salmon 
and salt fish. She sensed freah beef several times a week, but slic did not care 
for it and seldom ate it. Ate a small piece of chicken several times a week. 
She always had boiled rice and also Iri^ potatoes and ate freely of both, and 
also of bread. Usually had cake and stewed fruit for dessert. 



k 



2SZ 






WWb 



Sapper: Hbbb^ vUb citi 
•le « ikir ti!ini< a( hc MiBy ■ad a 
^ ■* littfe MiiiiBil to be • 

aaimak WM Dnak ao nilk, Uc nqr liev cni^ and booi 
of onoed goodL 

ifr. A, ft irci^ eondaetflr. A nfj Ivfe aad BooaRdv 
pomdi Hid ■ in i M iBl lj a vay wfl urmiiAril bak. bvplM 
MP Hill if, bat no other g iiKuM e acev* that he brt ftften 
frier to the appm aa ee ei the iijlhiai 

Breaklait: Getm a rerj early elHt awl ,vmm3fy cate w 
be doei it nTfiiaflr at oo&e and a law nil 

Dnaer: AIboM alv^re eete In^ petatofe fried wi& onioae; ead eato more 
of thees thaa aajthiag alee; cabbe0i oAea. Doei aot eat meat beeaoK he doee 
not care for it, Basra be doee not cat a poaad d meat in ax mnnthr Ha« es9 
perbape oocs a week; beans oeeaaoi^^y; bread; ice cream oftea. 

Bqiper: PoCatoee aod ouona a^ia wbeaercr be can fet them; ograien or 
fiifa oecaaooaUx. otbcnrae eaadwidiet or pie. 

Slated that be mi^t drink a ^as d milk a day, and nerer ate batter, but 
that be vae tc^^ fond of fndx mm efp^ and when be fooad eoBe frcA oaee, 
be mi^t eat balf a doeen at one meat Said tbii did not bappen more than 
ooee or at moet twice a mootfa. W» dietery babits were most erratic^ u be had 
to pick up what be could get on tbe nad a good deal d the time, but be almost 
ahrajTB wdw e d potatoee and oaiona for which be bad en eq>eetal predilecdoai. 

Vedder says that in practically every case there is some peculiarity 
of taste or a history of indigcstJOD or some other circumstaoce, as a 
result of which the patieut had lived on a very one-sided diet, in every 
ease consisting chiefly of flour, or corn products or potatoes, often 
with the addition of salt pork in some form or canned vegetables, 
ffimilarly Roberts " deschbea 25 cases from private practice, all of 
whom were amply able to provide an adequate diet for themselves, 
but all of whom for one reason or another ate unbalanced or insuf- 
ficient food. 

Goldbergcr experimented with two orphanages at Jackson, Miss., 
which had been pellagra centres for several years. Without altering 
the hygienic and sanitary conditions the diet in the two institutions 
was modified to as to include a much larger proportion of fresh animal 
and leguminous protein. Among the 340 inmates from the two insti- 
tutions who were kept under observation for a year only one developed 
a recurrent attack and no new cases were seen. Precisely similar re- 
mits were obtained at the Georgia State Saoitarium, where a modi- 
fication of the diet on the same lines as those followed in the or- 
phanages bad equally good effect, no recurrence being observed among 
the 72 pellagrins under observation, whereas among the control cases 
kept on the accustomed diet, 47 per cent presented recurrences.** 

*5 Robert*, J. Am. Med. A«. 75. 21, 1920. 

*« Goldbergcr, Waring, and Willets, Pub. Health Repts. 30, Oct. 22. 1015. 
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A very interesting experiment was carried out at the farm of the 
Mississippi State Penitentiary, where eleven convicts were induced by 
the offer of a free pardon from the Governor to submit themselves to 
an experimental diet similar to that on which pellagra was known to 
develop. The remaining population of the farm were kept under ob- 
servation as controls. The volunteers kept about the same hours and 
did about the same kind and the same amount of work as the other 
convicts. Such differences as existed were in favor of the volunteers, 
especially during the latter portion of the experimental period. The 
general sanitarj' environment was the same for volunteers and con- 
trols, but the hygienic environment — personal cleanliness, cleanliness 
of quarters, freedom from insects, particularly bedbugs — was de- 
cidedly in favor of the volunteers. The diet comprised patent wheat 
flour, com meal, com grits, com starch, white polished rice, standard 
granulated sugar, cane syrup, sweet potatoes, pork fat (fried out of 
salt pork), cabbage, oollards, turnip greens, and coffee. By the end 
of five months on this diet six out of eleven volunteers had developed 
symptoms justifying a diagnosis of pellagra, including the typical 
eruption, nervous and gastro-intestinal symptoms.*' This seems to 
be well attested, although McNeal *' has denied that the observed 
symptoms were those of pellagra. 

Three investigations have been reported in which symptoms closely 
resembling those of pellagra have been produced in animals by pro- 
longed feeding on unsuitable rations. Chittenden and Underbill '* 
fed dogs on a diet consisting of varying quantities of boiled peas, 
cracker meal and cottonseed oil or lard. The animals were kept under 
the best sanitary conditions, protected from any possible infection, 
and allowed a sufficient amount of exercise, so that the only abnormal 
condition was the diet. After periods varying from one to eight 
months a pathological condition strikingly similar to pellagra made 
its appearance. At times the animals could be restored to normal 
condition by the addition of meat to the diet. The same symptoms 
could be induced on a diet of meat, cracker meal and lard, provided 
the meat intake was sufficiently small, but less than 50 per cent of 
the dogs were susceptible to these conditions. The investigators state 
that the level of nitrogen intake as such plays little or no rdle in the 
development of this disease. 

Clementi *^ found that after a prolonged exclusive diet of maize, 

" Goldberger and Wheeler, Pub. Health Rcpts. 30, Nov. 12, 1915. 

u McNeal. J. Am. Med. Ass. 66, Q75, 1910. 

•• Chittenden and Underbill. Am. J. Physiol. 44, 13. 1917. 

*• Clemeati, Raas. Clin, terapi. sci. affini. 16, 121, 1917. 
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chickens develop disturbances of digestion and of nervous system very 
different from those produced by polished rice and analogous to those 
of pellagra in man or those produced in birds by injections of alco- 
holic extracts of rotten maize. On discontinuing this diet the symp- 
toms slowly disappear. 

Chick and Hume" state that monkeys fed on a low-protein diet 
made up of butter, banana or apple, sugar, orange juice, comfloiu* 
biscuit, and " marmitc " (a commercial yeast preparation) lost weight 
slowly and gradually developed symptoms characteristic of pellagra. 

The food deficiency theory receives further support from the bene- 
ficial rc5ults of a rich and varied diet in the treatment of Uie disease. 
Even those authorities who disagree with this theory as to the origin 
of the disease concur in advocating an improved dietary ae a means 
of combating its development. Siler •* states that his advice is al- 
ways to build up the nutrition particularly by the use of milk and 
eggs, and that in a large majority of cases, though not all, the results 
are good. 

Goldberger " asserts that " For the cure of pellagra the only medi- 
cine we have is the diet." For both prevention and treatment, the diet 
should be well balanced, including a sufficient amount of milk or lean 
meat (fowl, fish, pork, beef, etc.) and an abundance of green vege- 
tables (cabbage, collards, turnip greens, spinach, string beans, snap 
beans) and fruits (apples, peaches, prunes, apricots). At least 1.5 
pints of sweet milk or buttermilk should be taken daily. If but little 
milk be taken, 0.5 pound of lean meat should be eaten at least three 
or four times a week. Eggs or cheese may partly replace, or better 
still, be eaten in addition to the meat. Dried soy bean is highly 
recommended as a substitute for meat. It may be eaten cither boiled 
or baked. A portion of the flour or corn meal used in biscuit or com 
bread may be replaced by soy be^n meal."' 

Ridlon^' used the following diet in the treatment of pellagra: 

Patients received one quart of fresh milk a day, two eggs, poached 
or soft boiled, a day; wheat bread three times a day, butter, one-half 
ounce, three times a day; coffee once a day if desired; fresh, lean meat 

«» Chick and Hume. Bioch. J. 14. 135, 1920. 

•« Siler, Proc. 2nci Pan. Am. Sci. Cong. Sect. 8, Pt. 2, p, 12. 

«s Goldberger, Pub. Health Repta. 33, 481. 1018. 

*^^ Symptoms resembling pellagra in the human being have been produced 
on a diet lacking in aottneuntic principles and consisting of protein 40 g., carbo* 
hydntee 462 g., fat 109 g., ash 30 g., per day. The calorific value therefore 
would be about 3070 calories. (Sullivan and Jones, Hyg. Lab. Bull. lao, 117, 
1920. See also Sullivan, Ih. p. 127.) 

«« Ridlon. Pub. Health Repts. 31, 1979. 1916. 
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three times a day, either beef, mutton, chicken, veal, or pock; oat- 
meal or wheat once a day ; dried beans or peas either baked or boiled 
or made into a soup, once a day ; one other vegetable, either ireA le- 
gumes, turnips, carrots, onions, potatoes, or cabbage, once & day; 
stewed fruit three times a week ; and rice once a week. In xldition 
the patients were allowed fruit juices or fresh fruit, as apples, onngesi, 
or peaches, in season. 

This diet includes a large proportion of the animal and TOgetftbte 
proteins and there is also a diminution in the proportion of sugAra and 
starches. 

No sirup, com products, or fat white meat (salt fat pork), and no 
canned vegetables were allowed, not because these articles in them- 
selves are unwholesome, but because experience has shown that, alone 
or in combinations, they have commonly formed a conspicuously large 
portion of the prepellagrous diet. 

Two groups were compared, those receiving only the dietetic treat- 
ment outlined, and Uiose receiving medication as well. Ridlon states 
that the thirteen patients receiving no medication were comparable 
as to severity and in all other respects to the eighteen patients who 
received various drugs in addition to the dietetic treatment. The lat- 
ter group made more rapid or marked improvement tlian tlie former. 
The average duration of stay imder treatment of the fifteen patients 
receiving medication who improved was 85.8 days, and the a^'erage 
gain in weight 11.7 pounds. The shortest period under treatment was 
26 days, and the longest 189 days. The average duration of stay 
under treatment in the thirteen patients receiving only dietetic treat- 
ment was 83.5 days, and the average gain in weight was 18.3 pounds. 
The shortest i>eriod under treatment was 29 days, and Uie longi*st 191 
days. Patients showing predominating s>'mptoms of the skin and 
alimentary tract as a rule show a ready response to treatment, and 
improvement is noted within a week to ten days. On tbo otluT hand, 
those who have suffered from repeated attacks and have sustiunsd a 
serious danger to the ner\'ous system require a longer period for tha 
repair of this damage. 

Ridlon concludes that in pellagra the dietetic troatn^eut is of par<k<- 
moimt importance, the successful diet being one in which the ai^mal 
and leguminous protein component has been relatively iucrea^cit aikd 
the non-leguminous vegetable component relatively deorOMtd^ 

Roberts *^ recommends feeding on at least 2,000 enlorlea paf Uv^ 
and as much more as can be given with safety, witii special timthiib 
on lean meats, eggs, milk, butter, and vegetables 00DUdlda( pmlltMk 
« Roberts. J. Am. Med. Am. 75, 21, lOfiO. 
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Expmenoe in other coanCne* rbs panDel with th&t of American 
pfayiiaAnft. Bravetta *■ aaserts that good food nfnaents the best 
nmedj to uBuage, to core and peciu^M to eaoe the complmte dis- 
appearaooe of pelU|^.*^ 



If we allow that there is strong pramnpthre evideooe for the yiev 
that pellagra is caused by deficiency in the diet we are at onoe cob* 
fronted wilh the probleoi of determining the nature of the deficiency. 

Pnnk ** daased pellagra along with scurvy aa due to lack of vita- 
mins, and later observers have for the moet part held this as at least 
a poesiUe oontribotary factor.* Voegtlin, Neill and Unotcr ** have 
conducted an int eres tin g study on the effect of adding vitamin prepa- 
rations to the ordinary diet of pellagrins in amounts baaed on the 
body wed^t of the patients and oalcnlated fttm the doses neeeasary 
to cure severe potyneoritis in fowls. The vitamin preparationa naed 
were of two different types, those from animal sources (liver and thy- 
moa gland) and thoee from vegetable suuf ce a (Panic's vitamin frac- 
tion from yeast and rice poUsfaings). The liver and thymus extracts 
were tested and found to possess antineuritic propertieB, tbon^ they 
were less effecti\'e in this nepect than the yeast or rice prcpaiatiaiia. 
The liver extract, at leasts and poeeiUy the thymus extract aa well, 
must have contained vitamin A as weU as B.'^ Although the results 
are not entirely conclusive they appear to indicate thai the adminis- 
tration to cases of pellagra of these preparations made from yeast and 
rice polishings over a considerable period of time and in large amounts 
(based on the curative dose for fowls) in general failed to modify the 
course of the disease. 

The administration of the liver and thymus preparations to pella- 
grins was followed by an improvement in their conditioa apparently 
comparable to that produced by the omsumption of a diet rich in 
fresh animal proteins. 

The investigators conclude that the evid^ce presented clearly indi- 

«« Bravetta, Rir. pellacrolog. iUL 15, 43. 1915. Tropicml dk. Bull. 7, 50, 
1910. 

" See afao Roadoni, Spenmaatale. 69. 733, 1915. Trofx. Dia. Bull. 7, 63, 1016. 

*• Pimk. Munch.. Med. Wodieiwchr. 61, 6Q6s 1914. 

«* Goldbcrfcr. Wheeler, mad Sydenstricker, Pub. Health Repu. 35, MS. 
lOSO; Chittenden ud Underhill. Am. J. Ph>*siol. 44. 13, 1917; Voegtlia and 
HsrrJe, H>-g. Loh. Bull. 116, Si. 1920; Vedder. 3rd Rep. Thompson Pell. Oook. 
S38-372; Voegtlin, SuIUtvi and Myers, PubL Health Repu. 31. 935. 1916; 
Wood. Set. Am. S>jpp. 82. 43. 1916. 

M Voegtlia. Neill and Hunter. Hyg. L&b. Bull. 116. ISSO. 

tt Otboroe aod Mendel. J. Biol. Cheo. U. 17, 191& 
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catea that the dietary defect pesponsible for pellagra is distinctly 
(qualitatively) different from and perhaps more complex than the one 
causing fowl polyneuritis and human beriberi, a conclusion in accord 
with that reached by Clcmcnti from his observations on fowls."* 

It might be seen that the experiment of Chick and Hume referred 
to above (p. 254), in which the symptoms of pellagra were produced 
in monkeys, would eliminate the possibility of any connection between 
the known vitamins and this disease, since their ration included butter- 
fat as a source of A, yeast as a source of B, and orange juice as anti- 
scorbutic. The ration used was, however, like all pellagra-producing 
diets, ill balanced, being characterized by low protein and excessively 
high carbohydrate and fat. According to Funk and Dubin."' such a 
diet requires the addition of extra vitamin (B) in order to maintain 
health. It follows, therefore, that vitamin deficiency is probably in- 
variably a complicating factor in the disease. 

McColIum has shown that the deficiency in Chittenden and 
Underhiirs experimental diet was A^ mineral salts, and poor quality 
of protein, since his experiments have demonstrated that all the im- 
portant seeds can be rendered dietetically complete by addition of 
these factors."* The same deficiencies are commonly observed in the 
diet of pellagrins. McCoUum believes, however, that pellagra is 
caused by an infectious agent to which individuals may be rendered 
susceptible through lowered vitality due to faulty diet. The experi- 
ments with rats are said to indicate that " health and vigor are pro* 
moted by a liberal intake of protein of good quality better than by 
any diet in which there is a tendency towards parsimony with respect 
to this dietary factor." 

All recent work tends to emphasize the quality rather than the 
quantity of protein used. Boyd, in the report already referred to on 
pellagra among the Turkish prisoners in Eygpt, states that: Examina- 
tion of the diet showed no connection between incidence of pellagra 
and either total calorific value or fat content or total protein content 
of the diets. It was only when the conception of the biological value 
of the protein was applied that any light was thrown upon the con- 
nection between diet and incidence of pellagra. The human body 
must have a certain amount of specific amino acids, and the different 
proteins have different biological values according to their power to 
supply these essential building materials, and so maintain the body 

•* dementi, llass. Clin, tcrapi. Sci. Affini. 16, 121, 1917. 
ss Funk and Dubin, Sci. 52. 447, 1920. 

" McCoUum and Siimnonds, J. Biol. Chem. 32, 29, 181, 547, 1917; 76., 33, 
303, 1918. McCollum. Simmonds, and Parsons, Ih^ 33, 411. Ih,, 3S, 113. 1919. 
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from this point of view that Wilson arrived at the conclusion that 
danger of pellagra occurred if the " biological value " of the protein 
ration was below a certain level. This level, as might be expected, 
varied within certain limits according to individual need and idiosyn- 
crasy, hard manual labor needing a more generous provision in this 
respect. This view is in accord with many of the known facts of the 
incidence of the disease. For example, upon this theory pellagra 
would be likely to develop with greatest frequency upon a diet con- 
sisting largely of com, owing to the low ** biological value " of tlie 
proteins of this cereal ; at the same time the disease might occur among 
wheat and rice eaters, in cases of an exceptionally low total consump- 
tion, but it could rarely occur among populations taking meat or milk 
even in small quantities. The protein deficiency which leads to i>el- 
lagra, and is possibly concerned with a defective supply of some essen- 
tial amino-acid or acids may, in Wilson's opinion, occur also upon 
an adequate diet if assimilation is defective as the result of gastro- 
intestinal disease. This theory would account for certain rare casea, 
occurring in England and elsewhere, of a disease with symptoms 
closely resembling those of pellagra. In these instances there has 
frequently been a history of chronic diarrhoea and gastro-intestinal 
disturbances of long standing.*' 

The obser\'ationa of Chick and Hume on the effect of feeding spe- 
cific proteins and amino acids to their pellagric monkeys is in accord 
with this view. The administration of trj'ptophane to one monkey 
staved off death for many weeks, while a mixture of lysine, arginine 
and histidine had little effect. In one case in which there were severe 
skin lesions the addition of five to 10 g. of casein produced a cure 
which is described as " dramatic." 

While there is a growing tendency to regard pellagra as the result 
of a deficiency of certain essential amino acids it must be admitted 
that cases have been reported which are difficult to explain from this 
point of view. Enright, reporting on the outbreak of pellagra among 
the German prisoners in Egypt, states that: 

"A careful analysis of the diets of these German prisoners before 
capture and during their period of captivity prior to the onset of the 
eruption, showed that they were ample, both in quantity and quality, 
for any possible requirements, and were of such varied composition 
that it is difficult to see how they could be improved." " He con- 
st See also McCollum and Simmonda, J. Biol. Chem. 32, 350; 33. 303, 1917; 
Roof, Roy. Soc. Med. Sec, Ther. Pharm. Nov. 1919. tsixic. 1919, ii, 979. 

>« Enright, Lancet. 1920, i, 998. See also Viawalingam, J. Trop. Med. 93, 
4C, 1920. 
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vTJcli aod Ako by TiiwilitiM ■ kirilbiiBl. WMwmh as the rataon 
gboi flwy mat hmrt beca eoHi^»d is wtoqMir ifm^Stf, owing to 
ractel cfificnocei in tute. Even more jmpntm^m are the cues re- 
ported by SiScr. Garriaon, aod McNeai,"* of peBi^m appealing in 
rahimilii patjeada who irere oa the ricb det of nilk aad eggs pce- 
acribed for Uiat (fiaeaae. On the other ba^ as Heas has pointed 
aat^** vbik adfijoate protcm, miTk, dieeae, cg^ and meat, vere all 
laddng to a proDoUDced depee in the Cemtzal Eiisw daring the 
war, there wee do maAfd pRraleoee of pdlagn during tfaeae years. 

It ii obrkms that more extensive xnTestagatwDB noat etiU be madtt 
before we can entirely reoondle the eooffictang e vid eau e reooided.J 
Bory ** regards pellagra as a difleaae wfakh can develop only under 
the cooditiooa brou^t about by a one akiwl diet^ nsualiy exchzarriy 
oereal, bat believes that the infection is actually trananitted by aome 
vioged insect. This theory is supported by two cases recently en- 
eountered in France, one an Italian soldier who devel<^»ed the disease 
in France after coming from a hot-bed of pellagra, and the other a 
sporadic case developing in a region in northern Franee where no other 
insUnoe has been known before or since. A body of Italian troops 
had been camped in the vicinity for several weeks, and Bory believes 
that the mosquitoes which infested the district had become infected 
and carried the disease. The one man contracting it was predisposed, 
as be had lived for years on an exclusive diet of milk, rice, and other 
cereals on account of chronic digestive disturbance. 

•«^ GoldhcTKer, L&nc. 1920. n. 41. 

»• Third Rep. Thompton Pell. Com. p. 113. 

•« Hess aod Unger. J. Am. Med. Abb. 74, 217, 1830. 

« Bory. Prog. Med. 35, 461. 1920. 



CHAPTER XV 

UILK 

Thk constituents of milk are fat, carbohydrate, protein, salts, and 
vitamins, with 83 to 90 per cent of water. The carbohydrates, pro- 
teins, salts, and the vitamins B and C are in aqueous solution, while 
the fat is held in suspension as minute droplets which form an emul- 
sion, in which the vitamin A is dissolved. 

The milk of different species of animals variea considerably in the 
relative proportions of the constituents present; even witliin Uie same 
species, milk of different animals shows rather wide fluctuations round 
a mean. The following tiible ^ shows the general difference in the 
composition of human milk and cow's milk, from which it appears 
that human milk differs from cow's milk chiefly in its much higher 
sugar content and lower protein: 

Fat Lactose Protein 

Huinan 2-4% 5-73% 0.7-15% 

Cow 2-i% 3-55% 2£A% 

Goat's milk has a higher content of protein than cow's milk, slightly 
lower sugar, and somewhat higher fat. Sheep's milk has a high con- 
tent of both protein and fat.* 

Fat is the most variable constituent in milk. Many factors in- 
fluence the fat content of cow's milk, the breed, the individual charac- 
teristics of the animal, the period of lactation, and the season being 
the most influential. Sherman * gives the following figures as fairly 
representative of the breeds indicated : 

Jersey 5.19 per cent fat 

Ouenwey 6.16 " " " 

Durham 4X16 « " " 

Ayrshire 3j64 « « « 

BolBteiQ 3^ " ". " 

The fat content of human milk probably does not differ greatly 

I Meigs and Marsh, J. Biol. aiem. 16, 167, 1913-14. 

* See Folin, Denis and MLnot, J. Biol. Chem. 37, 340» 1919, for analyses of 
milk of difTerent specicfl. 

• Sherman, Chemtstxy of Food aod Nutrition. N. Y^ 2nd £d. p. 59. 
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from that of average dairy milk, although the variability noted makes 
it diflBcult to generalize correctly. The results of a great many deter- 
minations gives an average of 3.9 per cent of fat in human milk. The 
composition of the milk fat varies considerably in different species,* 
owing to variations in the fatty acids present, but this appears to be 
of no importance in nutrition. 

The lactose content of milk shows much less variation within the 
species than does the fat, but there is greater difference in this respect 
between different species, than is the case ^ith the fat. Mathews ' 
suggests that the high content of lactose in human milk may be cor- 
related with the very much greater brain development of human be- 
ings. Myelin, a compound which develops rapidly in the brain 
fibres during the first six weeks of life, contains as one of its constit- 
uents galactose, which is produced by the hydrolysis of lactose. It 
may be, therefore, that one function of the lactose in human milk is 
to furnish this necessary substance for the development of the brain. 
If this is correct it is obvious that the deficiency of lactose in cow's 
milk cannot be satisfactorily remedied by the addition of cane sugar. 
In any case lactose is less susceptible to fermentation than is cither 
glucose or cane sugar; consequently it is less liable to produce diges- 
tive disturbances than are these sugars." 

There is some uncertainty as to how many proteins are present in 
milk. In addition to the well-characterized caseinogen, and lactal- 
bumin which make up by far the greatest proportion of the protein 
material^ there is a third, lactoglobulin, which is more closely related 
to lactalbumin than to caseinogen ^ and also, according to Osborne 
and Wakcman,^ an unidentified alcohol-soluble protein present in ex- 
tremely small amounts. Besides these there are traces of non-protein 
nitrogen- containing substances, such as urea, creatine, creatinine and 
uric acid,'* and possibly small quantities of proteoses (protein deriva- 
tives of lower molecular weight) as well." The total proteins other 
than caseinogen are sometimes grouped together as " whey proteins," 
since they remain in solution in the whey when the casein is coagulated 
by acids or rennin. 

* Arnold, Zeit. Uut«ra. Nahr. u. Gcnuawn. 23, 433, 1912. 
■ Mathews. Phyeiological Chcmistiy. 1916, p. 307, 
« See also p. 267. 

' Lane-Claypon, Oleomargarine, pp. 31-33. 38-41. 
B Osborne and Wakeman, J. Biol. Chem. 33, 17, 191S. 
B Deonis and Minot. J. Biol. Chem. 37, 353, 1919. 
'<^ Full details of the method of eeparaUon of the proteins of milk are givea 
t:^ Osborne and Wakeman, 1. c. 
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Caseinogen is distinguished from the other milk proteins by its rela- 
tively high percentage of phosphorus and by the fact that it is coagu- 
lated by rennin. It is precipitated by heating in faintly acid solution, 
but redigsolvee in excess of acid or alkali. The action of the rennin 
enz>TDe is supposed to be a partial hydrolysis or digestion of the 
caseinogen, by which it is transformed into a new protein, casein, of 
lower molecular weight. The calcium salt of casein is insoluble and 
precipitates, forming a curd. 

There is an unfortunate confusion in the nomenclature used by 
different authorities in connection with this phenomenon. While that 
given above is in accordance with English usage, the Germans give 
the name casein to the protein present in normal milk and distinguish 
the product of rennin action as paracasein. Many American writers 
follow the German usage, while others use the English nomenclature. 

The clear fluid from which the coagulated casein has separated is 
known as whey, and contains the remaining proteins and other nitrog- 
enous constituents as well as the milk sugar and inorganic salts. 

Caseinogen probably exists in normal milk in the form of neutral 
calcium caseinogenate, Cas Ca^." The relation between this and tlie 
coagulum obtained by acidifying is not quite clear. It is completely 
precipitated from its neutral solution by saturating the solution with 
sodium chloride or magnesium sulphate or by half saturation with 
ammoniimi sulphate, or by the action of certain metallic salts such as 
alum, zinc sulphate, or copper sulphate. 

Human milk contains a smaller percentage of caseinogen than cow's 
milk, although different investigators differ somewhat as to the rela- 
tive proportions." The caseinogen of human milk differs from that 
of cow's milk in being more difiBcult to precipitate by acid or to coag- 
ulate by rennin. Moreover, the curd formed from human milk is 
looser and more flocculcnt, and consequently more easily digested than 
the curd of cow's milk.*' 

Lactalbumin contains a higher proportion of sulphur and a smaller 
proportion of phosphorus than caseinogen. It is soluble in weak acid, 
but precipitated by addition of large quantities of mineral acids or 
metallic salts. At ordinary temperature it is soluble in half-saturated 
ammonium sulphate solution. It is not precipitated from neutral 
solution by saturation with sodium chloride or magnesium sulphate 
at ordinary temperatiires, but separates on addition of acetic acid to 
this solution. 

" Van Slyke and BoBworth, J. Biol. Chem. 20, US, 1015. 

1* See Lane-Claypon, I. c. p. Z4. 

IS Hawk, Fract Phyuol. Cbem. 6th. Ed. p. 344. 
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Lactoglobulin has been less studied than c&seinogen or lactalbtimin. 
Osborne and Wakeman^* Eusgest that it may be a lecithalbumin 
similar to the vitellin of hen's eggs, or a mixture of proteins, one of 
which belongs to this group. It differs considerably from most other 
globulins in its solubilities, but appears to be biologically identical 
with the seroglobulin of the lactating animal.^' 

The rapid growth of the young on a milk diet indicates that the 
proteins of milk are of excellent nutntivc quality, and this is borne 
out by the experience of many investigators. 

Thomas ** calculated what he termed the " biologic values " of dif- 
ferent proteins by finding the minimum amount of each necessary to 
prevent loss of tissue protein from the body on a diet of starch and 
sugar. Assigning the value 100 to milk proteins, the proteins of ofther 
common foods can be arranged in the following order on the same 
scale: 



Milk 100 

Ox Meat 104 

Fiab M 

Rice 88 

Potatoes 79 



You* 71 

Cuein 70 

Peu 56 

Wheat flour 40 

Com meal 30 



Thomas* results have been widely quoted, but are apparently not 
entirely reliable.^^ More valuable evidence is offered by later experi- 
menters. 

McCoUum " gives the following table showing the lowest plane of 
protein intake derived from a single seed which just suffices to main- 
tain an animal in body weight, when the factors other than protein 
are properly constituted: 

Source of Protein Plane of Protein KeoeoAry for Maintenance 

Milk 3jO per cent of food mixture 

Oat (rolled) 4^ « « « .. « 

Millet aeed 4jj « « « ** u 

Maiw 6i) - " " " •• 

Wheat 6fi " - •• " 

PoUahed rice 6j0 " " • 

Flaxseed 8.0 « « " « 

Navy bean 120 *' " " " « 

Pea 12.0 " « •* * •• 

>« Oibome and Wakcman, J. Biol. Cbetn. 33, 13, 191S. 
"* See Lane-Claypon, Oleomargarine, p. 37. 
" Thomaa, Archiv. fur. Phyaiol. 1909. 219. 

IT Hindhede, Skand. Arch. Physiot. 31. 259. 1914; Sherman, J. Biol. Chem. 
41. 97, 1920. 

u HcCoUunv " Newer Knowledge of NutritiaD," N. T. 1919. p. 75. 
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These maintenance experiments were of three to six months* dura- 
tion. 

The value of milk or the separate milk proteins as a supplement 
to cereal grains in animal husbandry has been repeatedly emphasised* 
In determining the relative values for milk production of different 
supplements, Hart and Humphrey ^^ found that milk proteins had a 
percentage efficiency of about 60; oil meal, 61, distillers' grains, 60, 
gluten feed, 45, com, 40, and wheat, 36. Later, Hart and Steen- 
bock,*" on the basis of their experience with swine, stated that either 
the cereal proteins, a protein mixture from cereals and alfalfa, or a 
mixture of proteins derived from cereals, cabbage, and potato, could 
be effectively supplemented by additions of either milk or whey or 
meat or fish proteins, milk or whey proteins being the most satis- 
factory for the purpose. A mixture of proteins from corn, alfalfa, 
and whey, in which only 16 per cent of the protein nitrogen came from 
the whey, was nearly equal in value to a similar mixture in which 27 
per cent of the nitrogen came from skim milk instead of from whey. 
The proteins from tankage (animal residues from meat packing) were 
not quite so effective in their supplementary relations as those from 
either mi!k or whey, aithougli the inferiority was slight. A protein 
mixture drawn from five common sources, rice, wheat, com, potatoes, 
and cabbage, with the addition of sufficient wheat gluten to supply- 
SB per cent of the total nitrogen, showed a production value of 19.4 
per cent; that is, from 100 pounds of protein, 19.4 were retained for 
growth. When the nitrogen from the wheat gluten was displaced 
by an equal amount of nitrogen from meat crisps the efficiency rose 
to 32.7 per cent, and when it was replaced by an equivalent in milk 
nitrogen it rose to 47 per cent. 

Recently, Hart and Steenbock " have asserted that when milk is 
used as a supplement in com feeding, a highly efficient protein mix- 
ture is obtained only when the proportion of liquid milk to corn meal 
reaches 1:1. 

With regard to the practical application of these observations 
Sherman states:" "It is plainly desirable in all cases that grain 
products be supplemented by milk products, and it is clear that in 
providing for the needs of growing children and of pregnant or nurs- 
ing mothers, the proportion of milk in the diet should be more liberal 
than it need be when only maintenance is concerned; this both be- 

>• Hart and Humphrey, J. Biol. Chem. 21, 239, 1915; 26, 467, 1916. 
^ Hart and Steenbock. J. Biol. Chem. 38, 267. 1019. 
« Hart and Steenbock. J. Biol. Chem. 42, 167, 1920. 
u Sherman, J. Biol. Chem. 41, 97, 1930. 
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cause of the superior amino acid makeup of the milk protons and to 
provide amply for the mineral elements and vitamins as well." 

Osborne and Mendel '■ endeavored to ascertain the nutritive value 
of the separate milk proteins as compared with certain vegetable pro- 
teins by careful experiments with rats, in which the experimental 
animals were all of the same sex, and the same initial body weight, 
and the same total food intake was furnished daily in precisely equiv- 
alent and increasing amounts in successive periods of the experiment 
in accord with the anticipated needs of increasmg body weight. The 
diets used were made up of purified protein, 8.0 to 20.45 per cent, 
" protein-free milk," 28 i>er cent, starch and sucrose, 23 to 36 per cent, 
.butter-fat, 18 per cent, lard, 7 to 12 per cent. Comparing lactal- 
bumin, casein, and edcstin (a vegetable protein), lactalbumin was 
found to be far superior, 50 per cent more casein and nearly 90 per 
cent more edestin being required to produce the same gain in body 
weight. Good growth was secured with as little as nine per cent of 
lactalbumin in the ration. The superiority of lactalbumin for main- 
tenance as well as for growth was shown by tests with adult animals. 
It was found that casein could, however, be supplemented by the addi- 
tion of a particular amino acid, cystine, in which it was known to be 
lacking, so as to render it equal to lactalbumin. 

On the other hand, in a later set of experiments ^* in which the ra- 
tion used was purified protein, 18 per cent, " artificial protein-free 
milk,"'* 29.5 per cent, starch, 16.5 to 26 per cent, butter-fat, 18 per 
cent, lard, 7 to 16 per cent, and yeast, 1.5 to 2 per cent, while the rats 
grew normally when the protein was casein they usually failed when 
certain vegetable proteins were given, and almost invariably when 
lactalbtunin was fed. It would seem, therefore, that the natural 
" protein-free milk " used in the earlier experiments provided some- 
thing necessary to supplement the lactalbumin which was lacking in 
the later experiments. Osborne and Mendel say: "Whatever the 
nutritive value of the unknown constituents of milk may be, our ex- 
perience manifestly leads to the conclusion that the supplementary 
value of " protein-free milk " in the diet is, as a general rule, decidedly 
greater than that of yeast." 

McCoHum, Simmonds, and Parsons ^^ obtained somewhat similar 
results when using a basal ration of 45 per cent dried peas, 9 per cent 



«« Osborne and Mendel, J. Biol. Chem. 20, 351, 1915; 26, 1, 1916; 37, 223, 
1919. 

3« Osborne and Mendel, J. Biol. Chem. 31. 155, lOlS. 

»" Sec p. 62. 

" McCoUum. Simmonds, and Parsons, J. Biol. Chem. 37, 287, 1919. 
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purified protein, 38J2 per cent dextrin, 5.0 per cent butter-fat, and 1.8 
per cent salts. Much better gro\s'th was secured with casein than 
with lactalbumin. They stated therefore: "We are forced to the 
conclusion that lactalbiunin is a poorly constituted or an incomplete 
protein and that the excellent results of Osborne and Mendel were 
due to the higli proportion of nitrogen derived from the * protein-free 
milk* which was present in their food mixtures and served to supple- 
ment the lactalbimiin with respect to some as yet undetermined cleav- 
age product whicli is essential for growth." Emmett and Luros" 
found indications of a peculiar relation between lactose and lactal- 
bumin, since a diet made up of lactalbumin (10 per cent), butter-fat, 
lard, starch, salt mixture, and purified lactose promoted excellent 
growth, whereas on a diet similar in all respects except that the lac- 
tose was replaced by additional starch and alcoholic extract of either 
wheat germ or yeast, growth ceased. They suggest that lactose, when 
added to a lactalbimiin diet, may either overcome some toxicity of 
the lactalbumin molecule or carry a vitamin other than that foAmd in 
wheat germ or yeast. 

Sure '* obtained evidence that lactalbumin is an incomplete protein 
which must be supplemented by the addition oP nitrogen compounds 
which are present in the " protein-free milk " before it is adequate 
for either growth or maintenance. "When lactalbumin was fed as 12 
and 18 per cent of a ration of which the other components were dex- 
trin, butter-fat, agar-agar, salts and extract of wheat embryo, no 
growth was obtained unless the lactalbumin was supplemented with 
one per cent of its weight of the amino acid cystine. With this supple- 
ment 12 per cent of lactalbumin gave excellent growth, but if it was 
reduced to 9 per cent of the diet (the amount represented as adequate 
by Osborne and Mendel) nutritive failure ensued. If, however, the 
lactalbumin was still further supplemented by the addition of five 
per cent of its own weight of a second amino acid, tyrosine, the growth 
was excellent at this low level of lactalbimain intake. Sure believes 
that the efficiency of a protein may largely depend on its constitution 
as well as composition in amino acids, and that chemical analysis of 
amino acid content may at times be inadequate to explain the nutri- 
tive failure or success obtained with certain proteins. Since lactal- 
bumin is reported as having tlie average percentage of cystine present 
in other proteins, he suggests that cystine is so oriented in the complex 
polypeptide chain of lactalbumin that when it ia hydrolyzed by the 
enzymes in the digestive tract it is split into simpler peptides of such 

IT Emmett and Luroa, J. Biol. Cbem. 38, 147, 1919. 
M Sure, J. Biol. Chem. 43, 467, 1920. 
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form that a great part of them escape furtlier cleavage, and are there- 
fore de-aminized and converted into urea. In view of the results of 
Osborne and Mendel above referred to, he is of the opinion that 
protein-froe milk supplies the necessary tyrosine (a hypothesis which 
is confirmed by qualitative testa on " protein-free milk ") and also 
either carries cj'stine as part of its nitrogen of unknown source, or 
contains other forms of organically bound sulphur which the animal 
readily transforms into cystine. An analysis of protein-free milk 
showed a sulphur content of 0.2 per cent, of which the greater part 
was in organic combination. 

Logical as this hypothesis seems, however, it offers no explanation 
of the results of Emmett and Luros in which the efficiency of the lac- 
talbumin was apparently dependent upon the presence of lactose. 

According to Osborne and Mendel,'" lactalbumin is much more 
efficacious than casein as a supplement to com gluten. Wlien as little 
as one-quarter of the protein in the ration is furnished by lactalbumin 
and the remainder by corn gluten, a rat is able to make perfectly nor- 
mal growth, while a similar ration in which as much as one-half of 
the protein was casein and the remainder corn gluten proved in- 
adequate. 



Inasmuch as mother's milk serves as the sole food of young and 
rapidly growing animals it is generally assumed that it must contain 
all essential inorganic elements for the optimum growth of that species. 
Lane-Claypon ^ quotes experiments carried on by Hittcher *^ which 
would appear to indicate that the nutritive value of cow's milk for 
calves can be increased by the addition of certain salts. Boiled milk 
with suitable salt additions was apparently more nutritious than raw 
milk. Commenting upon this, Lane-Claypon remarks: " If the addi- 
tion of salts to mother's milk can bring about such striking differences, 
then that difference in salt content, which is known to exist between 
the milks of different species of animals may reasonably be expected 
to play an important part in the nutritive value of the milk of a 
foreign speciec." 

With the exception of iron,** the various salts appear to be present 
in greater amount in cow's milk than in human milk. In particular 
the important elements, calcium and phosphorus, are both greatly in 
excess in cow's milk. 

» Osborne and Mendel, J. Biol. Chem. 18, 1. 1914; 29, 69. 1917. 

» Lane-Claypon, I. c. p. 166. 

** KalberfutterunBs\'crsuche, Landwirtsch. Jahrli. 1909. 

03 Soxhlet, Munch. Med. Wochcnflch. 28, 1529; 1912. 
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All three vitamins, A, B, and C, are present in milk. A, as noted 
above, is associated with the butter-fat, and presumably varies in 
amount with varj'ing fat content. 

There is a surprising divergence of opinion among different authori- 
ties as to the proportion of B present. Hopkins ^' found that 2 cc. 
of milk per day, or an amount furnishing the equivalent of from one 
to three or four per cent of the total solids in the ration induced satis- 
factory growth in rats on a diet of casein, fat, starch, sugar, and in- 
organic salts. Without the milk there was no growth on this diet. 
Somewhat comparable results were obtained by McCoIlum and 
Davis ** who report that as little as two per cent of tikimmed milk 
powder in a ration of polished rice, casein, butter-fat, and salts pro- 
duced nearly normal growth. On the other hand, Osborne and Men- 
del ** found that a diet of casein, starch, butter-fat, lard, and salt 
mixture liad to be supplemented with as much as 24 per cent of dried 
whole milk or 16 cc. per day of fresh milk in order to induce rapid 
growth in rats. That \'itamin B is the decisive factor is indicated 
by the success attained when the milk is replaced by small doses of 
brewers' yeast: 0.2 gm, of dried yeast proved more effective in pro- 
moting growth than 15 cc. of milk. 

The work of Hopkins iind McCollum and Davis, together with the 
early obscr\'ations of Osborne and Mendel on tlie growth -promoting 
power of " protein-free milk,'* gave rise to a wide-spread belief that 
milk was peculiarly valuable as a source of B. The later work of 
Osborne and Mendel just referred to indicates, however, that this is 
at any rate not invariably true, and that it is wise to assure safety 
either by the very liberal use of milk or by the addition to the diet 
of some other source of B. 

When tested for its antineuritic power milk shows little efficiency " 
which would appear to confirm the results of Osborne and Mendel, 
unless we assume the growth-promoting and antineuritic power to be 
due to two distinct factors. 

All evidence goes to show that milk is poor in C, although by no 
means devoid of this vitamin. One hundred to one hundred and fifty 
cc. per day were required to protect guinea pigs from scurvy, and a 

" Hopkins, J. PhyBiol. 44, 425, 1912; Hopkins and Neville, Biocli. J. 7, 
97, 1913. BeinR subjected to criticism by Osborne and Mendel, who claimed 
thftt more than 2 cc. of milk is ncccss&ry, Hopkins haa confirmed hie previous 
work. (Biochem. J. 14, 721, 1921.) 

» McColIom and Davis. J. Biol. Chem. 23, 181, 1915. 

« Osborne and Mendel, J. Biol. Chem. 34, 537, 1918; 41, 515, 1920. 

" Cooper, J. Hyg. 12, 436. 1912; 14, 12, 1914; Gibson snd Concepcion, 
Phil. J. Sc. UB, 119, 1916; Chick and Hume, J. Roy. Med. Corps, 29, 121, 1917. 
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MattiU and ConkUn «• f oond Uisi wluk eow*! milk appcAra 
be entirely wtieftctory for the growth of yoong rate from weaiunc 
(wbco about 25 days old) to about the fiftieth day of life (equivalent 
to about five yean of innan life) a decided irtardation of growth 
and ■oBMtfanfa a oomiderable kes of weight oeeorred later, nsoalty 
between the fiftieth and one hundredth days. After this growth m]|^ 
be rcflumed again, but at a slower rate, and there was no reproduction. 
Milk powder was somewhat more satisfactory than fliiid milk, males 
growing at a practically normal rate on this, though females were 
ftoniewhat below normal after about 75 days. TTiia is in accord with 
the observations of Lane-CIaypon," who found that rats made 
slightly better progress on dried milk than on fluid milk. Mattill 
and Conklin found that reproduction failed on dried milk as on fluid 
milk. The average daily intake of milk, computed in terms of milk 
solids, was somewhat less when this was ^ven as fluid than when fed 
as powder, which may doubtless account for the better progress on 
the latter food. Addition to the milk of certain inorganic salts was 
without effect, except in one or two cases where additional iron proved 
bonefiriftl for growth, but had no effect on reproduction. Addition 
of yeast or wheat embryo to supply additional B increased the rate of 
growth slightly, but the improvement was only temporary. One 
female became pregnant on the yeast-milk diet, but the young were 
•aten. Addition of as much as 10 per cent of butter-fat to the ration 
of dried whole milk failed to induce continued normal growth, but a 
ration of 63 per cent dried milk, 5 per cent butter-fat, and 40 per cent 
starch proved entirely satisfactory for growth. Reproduction took 
place, but the young were eaten by the mothers. Osborne and Men- 
del *■ have, however, reported successful growth, continued in the 
second generation, on a somewhat similar diet of 60 per cent milk 
powder, 12 per cent starch, and 28 per cent lard. It would seem there- 
fore that milk lacks something which is essential for growth during 
part, at least, of tlio rat's life and for fertility. It is improbable that 

•r Barnes snd Home. Bioch. J. 13, 305. 1919. 

» Currut, Dub. J. Med. Soi. 7. 83, 1S47; Bmrlow, Looe. 1S94, ii, 1076. 

»• Comrie. Fxi. Mod. J. 24, 307. 1930. 

«° Mattill and Conklin. J. Biol. Chem. 44. 7. 1930. 

«i Lan«-Cla3rpon. J. Hyg. 9. 233, 1900. 

** OaboTM Rod Hcodel, J. Biol. Chem. 15, 311, 1913. 



MIIiE 



271 



this factor is identical with the recognized vitamins, since it is appar- 
ently supplied by starch. When the starch is replaced by lactose to 
the extent of 25 per cent, the remaining 75 per cent of the food being 
obtained from dried milk, all growth stopped. 

Milk powder prepared by spraying milk with heated air has been 
tested by Dutcher and Ackerson/^' Eight guinea pigs, used as con- 
trols, were fed a diet of oats ad libitum and 30 c.c. (daily) of fresh raw 
milk. Ten guinea pigs were fed oats and milk powder (prepared from 
the same herd milk) . The milk powder was diluted back to the same 
composition as the original raw milk and 30 c.c. were fed daily to 
each animal. The milk powder was prepared at intervals of 2 to 
6 days by spraying milk into a blast of hot air in a cell four feet 
square. Each quart of milk came in contact with approximately 
1,400 cubic feet of hot air. The air in the cell was kept at a tempera- 
ture of 116° C. while the temperature at the spray nozzle never ex- 
ceeded 100* C. The milk powder was allowed to remain on the floor 
of the cell during tlie drying process (2 to 3 hours). No attempt was 
made to approximate commercial conditions. The entire group of 
guinea pigs receiving the milk powder died with pronounced scurvy 
lesions in periods ran^ng from 16 days to 42 days. At the end of 42 
days all of the control animals, which had consumed their daily ration 
of raw milk, were living and in much better physical condition than 
the group receiving the dried milk."*" 

*>> Dutcher and Ackerson, Science, 54, 442, 1021. 

4ab Four series of experiments were carried out by Jephcott and Bacharach. 
(Biochem. J. 15, 129, 1021) to determine ttie antiscorbutic potency of dried 
milk. In the first three, comparison was made of summer milk, winter milk 
and winter milk neutralised with sodium bicarbonate before drying. All three 
were drie<i by the roller process, in which the milk ia in contact with the source 
of heat for not more than three seconds. The fourth variety was fuII-cream milk 
dried by the spray process; this variety of milk is subject to prolonged heating. 
The composition of tlie four varieties of milk powder varied but little; they 
each contained in the neighborhood of three-fourths per cent of moisture, 5^ to 
G^ per cent of a&h, 26 to 28 per cent of fat, 35 to 37 per cent of lactose, and 25 to 
27 per cent of protein. Guinea pigs were fed with the usual scorbutic diet of oats 
and bran, and the milk was added in the form of a thin cream by mixing the 
powder witti three timee its weight of hot water. The results may be sum- 
marized as follows: 



XJnder experiment 
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Winter 
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Tbe questioD of bow f&r the proportions of the relative 
prateot in milk can be vaned by alteration xb the diet of the Uetalmg' 
amznal baa received much attentioD from investigalore, eepedally in 
eoonectioD with the vitamin conteot. 

It ia the genera] experience of practical dairymen and of investi- 
gaton in the field of animal nutrition that diminution in the amount 
of food below the physiological requirements of the animal results in 
decrease in the amount of milk secreted, and that increase in food 
cauaea increased production of milk, although the increase is not pro- 
portional to the amoimt of food given.*' The effect of underfeeding 
ia leu marked in the early stages of lactation than later. Eckles 
and Palmer report a case in which a constant flow of milk was main- 
tained for 30 days by an animal recei^'ing only sufiBcient food for body 
maintenance." When the lactating period has reached a certain 
atage, however, even moderate underfeeding reacts adversely upon the 
milk supply. Lanc-Claypon ^ asserts that it is probable that many 
cases of failure of lactation in women have been caused by the absence 
of proper nourishment for the mother, and quotes the experience of 
institutions in which dinners are provided for nursing mothers. " It 
is the opinion of the officers who supervise the work at these centres 
that the provision of an adequate food supply for the mother almost 
invariably enables breast-feeding to be maintained, mothers who have 
previously been unable to feed their children being able to do so with- 
out difBculty when provided with sufficient food of a suitable nature. 
Moreover, in many instances, where the milk supply was apparently 
becoming short, it has been completely regained and lactation con- 
tinued up to the ninth month. No special foods or substances are 
either indicated or contra-indicated. The health of the mother must 
be maintained. Where this is effected owing to the idiosyncrasy of 
the indixidual for any particular foodstuff, that foodstuff should be 
avoided — that is all." 

On the other hand, Ducaisne *^ has called attention to the fact that 
during Uio siege of Paris healthy young women were able to produce 



These results are not in accord with those obtained by several other investi- 
gatora. 

Stepp Dotea Uiat accessory food subetancee are present in dried milk powders 
(Med. KUn. 17. 287. 1921). 

*' &V.C Lane-Claypon, Milk and ita Hygienic Relatione, Tendon, 1916, p. 20; 
Ecklea and Palmer, Mo. Agr. Exp. Sta. Res. Bulla. 21 and 25. 

** See also Hart, quoted by McCoUum, Simmonds and Pitz, J. Biol. Chem. 
27, 33, 1916. 

*^ Lane-Claypon, 1. c, p. 157. 

«« Ducaisne, G&z. Med. Paris, 1S71, 317. 
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enough milk for the maintenance, and in some cases for growth, of 
their infante while pftrtially fasting themselves. 

WTiile the character of the food of the animal doubtless influences 
the richness of the milk to some extent in the long run, it seems to 
affect the quality of the milk produced less than its quantity. Accord- 
ing to Well,*' although high feeding may produce an increase both 
in the amount of milk and in the butter- fat this rise is in no way pro- 
portional to the increased amount of food. 

Eckles and Palmer •* state that the effects of an induced subnormal 
plane of nutrition on the percentage of fat in the milk are variable, 
an increased fat percentage resulting in some cases, with no change 
in otliers, and in still others an actual decrease in the percentage of 
fat. The factors that appear to cause these variations are the state 
of flesh of the animal, the degree of underfeeding, and the season of 
the year in which the experiment is conducted. 

In the case of physiological underfeeding there is almost invariably 
an actual increase in the yield of milk fat, as well as in the percentage 
in the milk. The character of the milk fat is altered, as shown by 
the change in the physical and chemical constants. Ecklea and 
Palmer suggest that the production of the normal amount of milk fat 
is controlled by the activity of the lipases and other enzymes which 
accelerate this synthetic reaction in the mammary gland, being 
greatly influenced by changes in tlie general metabolic activity of the 
body, particularly by the changes that affect the fat metabolism, and 
that the composition of the fat produced is controlled by variations 
in the amount and kind of material presented to the milk glands by 
the blood stream, Koning," on the other hand, found that poor food 
caused a fall in Uie fat content of the milk. Behr ''° states that owing 
to the deficiency of food, the average fat content of milk in Ger- 
many fell to 2.98 per cent in 1918, being a gradual decline since 
1914. The quantity of milk fell also from 2900 1. to about 1700 1. 
per year. 

Engel and Plant '* found that the milk of a nursing mother is re- 
duced if the diet is deficient in fat, but was unable to increase the fat 
in the milk by increasing the fat in the food. 

According to Eckles and Palmer (1. c.) a subnormal plane of nu- 



*T Woll. Agric. Exp. Sta. Wiaconsin, Bull. 116. 
« Eckleg and Palmer, Agric. Exp. Su. Un. Mo. Bull. 25. 1916. 
** Koning. Milchw. Zentr. 6. 675, 1910. 
B° Behr. Z. Nohr. Genussem. 35, 471, 191S; 37, 165. 1919. 
>i Engel and PUut, Mun. Med. Wocheosch. 55, 1158, 1906. quoted by Lane- 
Claypon. Milk and its B^gienic ReUtiona, London, 1916. 
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of the CKpaiBMte rn ai l f fc iJ ttae wwm a ilecfiM in the peroectage of ' 
eucin, wfaik Id othfn the total pratciB atfy vbs affected. La the 
latter ctaea the pcrecBtase of m^ m tbe milk vas decreaoed. Nooe 
of tbe types of imderfeediBg inAMBeed tbe percentage of lactoee in 
the milk. 

Many attcmptA ha\*e been made to increase the mineral content of 
milk by additions of eaha to tbe food, partiirularly in the case of iron **. 
and calcium,** bat there is do decisive evidence of appreciable suo- 
eeea*** Kohn ^ found tbat both tfae ash and the fat content of goate' 
milk was higher when the animals were grasing in the fields than when 
they were rei^tricted to dried feed. Fingerling *' found that when 
goats were fed on a diet deficient in calcium and phosphorus a decrease 
both in the total amount of milk and in the proportion of these con- 
stituents occurred, but only after a certain period had elapsed, during 
which the system became gradually depleted. On addition of tbe 
missing elements to the diet the Becrction became normal. Hess, 
Ungcr, and Supplee ** have noted that tlic percentages of calcium 
and phosphorus were below normal in milk produced on a ration of 
bean meal, oil meal, bran, beet pulp, molasses, and straw, which con- 
tained an ample supply of minerals, but was entirely deficient in vita-^ 
min C Koning,"^ and Allemann '* found that even large inci 
of sodium chloride in the food caused no rise in the salt content of 
the milk. 

Babcock ** fed cows on a ration suitable in every respect except 
that the sodium chloride supply waa limited to tliat naturally present 



*■ Lan«>Claypon, 1. o.. p. 53. 

" Zuckmiyer, Priug, Arch. f. d. gw. rh>-wol. 1^ 309, S9U; Dibbelt, Axb. 
a. d. Gob. d. i>ath. Annt. u. U&kt. Tub. IMS; Schabad. Jahib. t Kinderfa. 74, 
All. IDll. 

u* Rumftey (Brit. DenUl J. 4t. 40, IflQl; Phy«ol. Abalzmeta 6, 66) 
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ronUta motv ocIKUom* nnil mon< vitAmm; aaoih( (kta, «Uft » preferable to* 
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in the food, until some of the animals died, and others were only saved 
from death by the administration of salt. In no instance was there 
notable decrease in tlie yield of milk until just before general decline 
set in, but the ash content of the milk imdcr these circumstances was 
not reported. 

McColIum and Simmonds "'^ made an elaborate study of the rela- 
tion between the diet of laotating rats and the value of the milk pro- 
duced. The rats were fed on an adequate diet until the birth of the 
young, when they were immediately placed upon a ration known to 
be entirely inadequate for growth owing to deficiency in one or more 
factors. The litters were in all cases reduced to four, so that the 
burden imposed upon the mothers was uniform in this respect. Their 
results show that the mothers were capable of providing milk which 
was better adapted for growth than the diet which they themselves 
received; but sooner or later failure ensued. On a diet of rolled oats, 
deficient in three factors, protein, mineral content, and vitamin Aj the 
young grew very slowly for the first 20 days, then became stunted 
and died between the fortieth and fiftieth days. When A was added 
to this diet the young grew faster and growth continued over a longer 
interval, up to 50 days. Although they began to eat the oat and 
butter-fat diet of the mother about the twentieth day it is evident 
that this must have been supplemented by tlie inorganic content of 
the milk, since without such supplement rolled oats fails entirely to 
support growth. Addition of protein was of less benefit than addition 
of salts. When the mother was fed on a ration of rolled oats supple- 
mented with protein only, the best growth observed was half-normal. 
When A was applied in addition the young did slightly better, but 
addition of mineral salts was more beneficial than addition of A. Only 
when all three deficiencies, A, salts, and protein, were corrected was 
it possible to secure entirely normal growth, but in every case after 
the young were old enough to share in the mothers' diet they grew for 
a time, although slowly, which would have been impossible on this 
diet alone, showing that the mother was producing milk capable of 
supplementing to some extent the diet on which that milk was pro- 
duced. According to McCollum and Simmonds, the ultimate failure 
which invariably ensued indicated that the noiilk produced on these 
deficient diets was not of normal quality. 

With respect to the vitamins, it is the general opinion that these 
pass into the milk only as supplied from the food of the mother, and 

M McCollum ftsd Simmondi, Am. J. Phyuol. 46, 275, 1918; McCoUum, 
"Newer Knowledge of Nutrition," 1919, pp. 117-186. 
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that the maaunary gland has no power of synthesizing these esaen- 
tiala." 

Since A is present to some extent in the body fata of animals it is 
probable that small amounts of this will be secreted in the milk, for 
a time at least, even if it is not supplied in the food, but the experience 
of McCoilum and Simmoods above referred to, indicates that imder 
these circumstances it is not sufficiently abundant for the optimum 
growth of the young. Hopkins *= found that the vitamin A of goat's 
milk remained approximately constant when the animal was given a 
diet deficient in that factor, although the quantity of milk fell off, 
but the length of tlie experimental period is not stated. 

If we accept the hjTwtliesis that rickets is connected with deficiency 
of Aj then the observation of Hess " as to the prevalence of rickets 
among the breast-fed children of the negro women whose diet is limited 
almost exclusively to substances poor in A, must be regarded as sig- 
nificant. 

Dutcher, Kennedy and Eckles"* have found that spring milk, 
produced when the cows are pasturing on fresh grass, is superior to 
winter milk from cows on dry feed with regard to both A and B. The 
tests were made by comparing the growth of rats on a ration of casein, 
dextrin, agar agar, butter-fat, extract of wheat embryo, and an ade- 
quate salt mixture, with that of other groups in whose diets either the 
butter-fat or tlie wheat embryo had been replaced by varying quan- 
tities of winter milk or spring milk. When the spring milk was at 
its best 10 cc. per day furnished sufficient of both A and B for nor- 
mal growth, but butter-fat from winter milk had to be fed to the ex- 
tent of 20 per cent of the ration in order to secure growth, and even 
this amount was not always adequate.** 

Osborne and Mendel "* were unable to observe any difference be- 
tween summer and winter milk in the relative amounts of B present, 
which was perhaps to be expected from the relative stability of this 
Wtamin and its wide distribution in the grains which make up a part 
of the ordinary winter feed of dairy cows. Dutcher, Eckles, Dahle. 
Mead, and Schaefer" st.ate, however, that in their experience the 
content of B in the milk of cows is influenced by the character of the 

•1 See McCoUum, Simmonds and Pita, J. Biol. Chem. 27, 33, 1916. 
« Quoted by Harden. J. Soc. Chem. Ind. 40, 79R, 1921. 
•« Hess, J. Am. Med. Aasoc. 70, 900, 1918. 

** Datcher. Kennedy, and Ecklea, Proc. Am. Chem. 8oe. Sci. 52, 688, 1930. 
« See also Hess and Unger, J. Am. Med. Am. 74, 2171, 1920. 
« Osborne and Mendel, J. Biol. Chem. 41. 515. 1920. 

«' Datcher, Ecklea, Dahle, Mead, and Schaefer, J. Biol. Chem. 45, 121, 
1920. 
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ration, although less markedly than ia true of the vitamins A and C, 
and Andrews *• has shown that nursing mothers on a diet deficient 
in antineuritic B produce milk on which their nurslings develop beri- 
beri. 

Several investigators have reported a seasonal variation in the anti- 
scorbutic properties of cow'a milk,"" and this point may be regarded 
as established. Hart, Steenbock and Ellis found that while 50 cc. 
per day (and in some cases less) of summer pasture milk afforded 
protection to guinea pigB against scurvy, at least 75 cc. of winter feed 
milk were required to provide the same degree of protection. They 
remark the fact that the milk produced from such dry foods as are 
used does contain a measure of antiscorbutic vitamins shows that the 
dry feeds themselves are not completely devoid of this factor. '* Their 
content in this vitamin is too low for protection of a guinea pig against 
scurvy, but the mammary gland, through a process of special selection 
and concentration in the railk produced becomes an effective means of 
showing the presence of C, especially in old dried feeds." Neither sil- 
age nor sugar mangels were notably effective in increasing the pro- 
portion of antiscorbutic in the milk. Barnes and Hume " suggest 
that the use of turnips rather than mangels should rcdult in the pro- 
duction of milk of higher antiscorbutic value. 

Dutcher and his collaboraters found tliat there is a decided ten- 
dency for the nutritive properties of the milk to remain relatively 
good for four to eight weeks after the cow has been placed on a 
vitamin-poor winter ration. On the other hand, the nutritive superi- 
ority of spring milk became evident almost immediately after the cows 
were placed upon green grass. 

The question of the effect of heat on the nutritive value of milk is 
of the greatest practical importance in an age when the use of pas- 
teurized, condensed, evaporated, and dried milks is constantly in- 
creasing, and raw milk of good quality is increasingly difficult to 
secure. 

The pasteurization of milk is usually carried out either by heating 
the milk rapidly to a point not far short of boiling, maintained there 
for a few seconds and then cooled as rapidly as possible (the " flash " 

•« Andrews. Phil. J. 8ci. 7B, 67, 1912. 

«^ Barnes and Hume, Lauc. 1010. ii, 323; Dutcher, Eckles. Dahle. 
Mead, and Schaefer, J. Biol. Chctn. 45, 119. 1920; Hart, Steenbock and Ellis, 
lb., 42, 3S3, 1920; Hesi. Unger and Supplee. lb., 45, 229, 1020. 

fo Barnes and Hume. Bioch. J. 13, 306, 1019. 
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method of paatcurization) , or by heating to 60° to 63° C. (140° to 
145° F.) and holding at this temperature for 20 to 30 minutes or even 
longer (the " hold " method) . The temperatures used may vary con- 
siderably from those mentioned but the essential difference between 
the two methods lies in the fact that in the one the milk is heated 
rapidly to a high temperature and cooled inunediately, while in the 
other it is held at a lower temperature for a much longer period. The 
" hold " method is usually recommended as preferable on account of 
the lower temperature involved, but the work of Daniels and Lough- 
lin referred to below (p. 282) indicates that this is a mistaken point 
of view. The " hold " process is the one most generally employed 
commercially in the United States, while the " flash " process is more 
generally used in Great Britain. 

While pasteurization serves to destroy the most harmful of the dis- 
ease bacteria as well as the lactic acid bacilli which cause souring, 
certain bacterial forms are capable of surviving this proceesr notably 
the bacteria which bring about putrefacti\*e decomposition of milk. 
Pasteurized milk may therefore deteriorate on keeping quite as seri- 
ously as raw milk; in fact it may be more actively injurious although 
the change is not made evident by the development of a sour taste. 

Sterilization of milk results in the destruction of all the bacteria 
present, and is carried out by heating to a temperature of 220° to 230° 
F. under pressure in an autoclave. The term is often, although in- 
correctly, applied to boiled milk. Boiling does not ensure complete 
sterilization, unless prolonged for 30 minutes or more, but milk which 
has been boiled for a much shorter time may be regarded as quite 
safe for any ordinary purpose, provided it is protected from contam- 
ination and used within a reasonable time after treatment. 

The early experiments with animals of various species fed upon 
heated cow's milk are summarized by Lane-Claypon, but offer little 
of interest, as in most cases the diet was entirely unsuitable apart 
from the possible deterioration on heating. 

Experiments with calves fed on boiled and sterilized milk have 
given somewhat contradictory results. Certain American investiga- 
tors " have reported unfavorably on ita use, while Dean " recom- 
mended it. Danish experience indicates that milk from tuberculous 
eowB can be used successfully for feeding calves.^* 

There is a firmly established tradition in many households that 

n Doan and Price. Maryland Agrio. Exp. Sta. Bull. 77, 1901; Price, N. Y. 
Med. J. 79, 405, 1904. 

" Dean. Rep. Ont. Dept. Agric. 1898, i, 66. 
f* Bang, quoted by Laae-ClaypoD, 1. o. 
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heated and especially boiled milk is highly injurious to children and 
more or less deleterious for adults as well, the reason usually given 
being that " it tends to induce constipation." Several eminent chil- 
dren's specialists have strenuously opposed pasteurization of milk for 
babies on the ground that the heating injures its nutritive propertiea. 
On the other hand, there is much clinical evidence that boiled milk is 
if anything superior to raw milk.'* In European countries where wet 
nurses are rather extensively used it is quite common to have the milk 
of these nurses boiled in order to lessen the risk of transmission of 
disease, and there is no evidence that the value of the milk is im- 
paired in any way by this procedure. Reports from children's hos- 
pitals go to show that there is comparatively little difference as far as 
nutritive power goes, between raw and boiled milk, and advantage 
being on the side of the boiled milk if anything." There appears to 
be absolutely no basis for the belief that boiled milk is more constipat- 
ing or less digestible than raw milk. While occasional cases are re- 
ported in which sick children have apparently done better on raw than 
on boiled milk these are counterbalanced by at least an equal number 
of cases in which boiled milk has proved more efficient than raw. In 
a recent series of experiments with guinea pigs, boiled milk was foimd 
to be practically equivalent in nutritive value to unheated milk.™ 
Park and Holt " made a comparative study for two successive sum- 
mers on groups of infants from New York tenements fed upon raw 
and pasteurized milk. The milk used was of good quality and modi- 
fied similarly for all the children. Seventy-five and six-tenths p>er 
cent of the children in the group fed on pasteurized milk remained in 
good health during the entire summer, while only 33.3 per cent of 
those on raw milk were equally healthy. Thirteen out of the 51 chil- 
dren in the latter group had to be transferred to pasteurized milk dur- 
ing the experiment on account of severe attacks of diarrhoea. 

A form of sterilized milk containing vitamins ia prepared by Hort.^^*^ The 
milk is sterilised in an autoclave, so arranged that the steam from the outer 
vessel passes throu^ the milk in the inner vessel before e«<;upiQK. The auto- 
clave is maintained at 20 pounds per square inch steam pressure (^out 116* C.) 
and passage of steam from 3 to 5 minutes ia sufficient to sterilise the milk. Taste, 
odor, vitamin-content, and emulsified condition of the fats are stated to be un- 
altered. Sterilised sugar may be added, to make good any loss brought about 

" See Lane-CIaypon, Oleomargarine, Ch. 9-U. 

" Ptnkelstein, Tberap. Monat^ Oct. 1907; Lane-Claypon. Local Govt. Bd. 
Rep. No. 63, 1912. 

" Anderson, Dntcher, Ecklet, and Wilbur, 6ci. 53. 446. 1921. 
*T Park and Holt. Arch. Ped. 1903. 
rr* Hort, British Patent 166,984, 1920. 
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by hefttiog. Creftm is prep&red from uiutenlised milk uid then sterilised; 
butter is mode from sterilised milk, uid coodenaed milk ia atehUsed after coa- 
densatioQ. 



With regard to the separate constituente of milk, there is consider- 
able evidence to show that the digestibility of caseinogen is increased 
by heating. Brennemann '* was able to demonstrate that the curd 
formed from raw milk in tlie human stomach is very tough and large, 
while that formed from heated milk is soft and much finer in 
character. 

McCoUum and Davis ^' found that while milk powder in quan- 
tities as small as two per cent of the food mixtures consisting other- 
wise of polished rice, purified casein, salts, and butter-fat, gave enough 
B for growth, milk powder which had been heated four hours in a 
double boiler was noticeably less efficient than the unheated product, 
and after heating for one hour in the autoclave it lost its growth- 
proraotiog power almost entirely. Since wheat embryo can be heated 
to this temperature and for this length of time without lowering its 
efficiency, McCollum concluded that the loss of efficiency of milk was 
due to the effect of heat on some factor other than B. He therefore 
made a series of feeding experiments in which a ration deficient only 
in protein and B was supplemented by various preparations from milk 
which had been exposed to high temperatures; whey, evaporated to 
smalt volume at or near boiling temperature and then heated in an 
autoclave at 15 pounds for an hour was apparently not affected by 
the heating and still contained sufficient B to promote good gro\vth, 
as did also " protein- free milk" which had been boiled for six hours, 
and lactose which was heated at 15 pounds for an hour. On the other 
hand, moist casein which had been heated for an hour at 15 pounds 
was much less satisfactory for growth than an equal quantity of nn- 
heatcd casein. McCollum and Davis suggest that this may be asso- 
ciated with the loss of sulphur by casein on heating, as demonstrated 
by Rcttgcr "^ and Morncr.** In view of this apparent instability of 
casein when exposed to hent McCollum and Davis "* questioned the 
desirability of purifj'ing casein for nutrition experiments by extrac- 
tion with hot alcohol, and de\'ised an alternative method which did 
not involve heating. Funk and Macallum ^' could find no difTcrence 

»« Brennemann. J. Am. Med. A«. 60, 575. 1913. 

»• McCollum and Davis, J. Biol. Chem. 23, 247, 1915. 

w Rettger, Am. J. Physiol. 6, 450. 1901-2. 

■> Momcr, Zlschr. f. Physiol. Cbem. 34, 207, 1901-2. 

" McCollum ami Davis. J. Biol. Chcm. 23. 231. 

" Punk uid Macalluzn. J. Biol. Cbem. 27, 61, 1917. 
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in the nutritive qualities of casein as prepared by the method of Mc- 
Colluni and Davis or by the usual method of extraction. They con- 
firmed the statement of McColium and Davis as to the loss of 
efi&ciency of casein on heating in the autoclave for an hour, but found 
that the fault could be corrected by addition of 1 cc. of orange juice, 
from which they concluded that rats, in spite of their unsusceptibility 
to scurvy, require a certain amount of the antiscorbutic vit-amin in 
their food, and that the deterioration of the casein was due to the de- 
struction of this factor rather than to the alteration in the cliaracter 
of the protein itself. Their results are of questionable value, how- 
ever, since the rations used were deficient in A. 

Hogan,** using rations of butter-fat, starch, agar, protein-free milk, 
and casein, obtained results at variance with those of McCoUum and 
Davis. Even when the casein had been heated for two hours at 45 
pounds pressure its nutritive value was unimpaired. 

Enimett and Luros "* suggest that the discrepancy between the 
observations of Hogan and of McColium and Davis may be due to a 
growth-promoting vitamin which is supplied in the protein-free milk 
and in the unheatcd casein but is destroyed by heat. These investi- 
gators tested lactalbumin which had been heated in an air oven at 90° 
to 100^ C. for 16 hours, or in an autoclave at 15 pounds pressure for 
six hours, and found no alteration in its growth-promoting power. 

Lane-Claypon *■' states that: " It seems certain that when milk la 
boiled some of the albumin is precipitated, but where the same vessel 
is used for storage and feeding purposes, there is no difficulty in main- 
taining the same amount of nitrogen in the food. There is no indica- 
tion that there is any difficulty in the digestion of the coagulated al- 
bumin; in fact it is probably more readily digested than in the raw 
state." 

It is a well-known fact that the calcium content of milk is reduced 
on heating, owing to the precipitation of insoluble calcium salts. 
Daniels and Loughlin*' in the course of an investigation into the 
nutritive defects of heated milk obtained some very interesting results 
which seem to indicate that this precipitation of calcium may be the 
primary cause in rendering heated milk insufficient for the nutrition 
of certain animals. It is improbable that this would have any effect 
in infant feeding, since cow's milk contains considerable excess of cal- 
cium as compared with human milk. 

8* Hogan. J. Biol. Chem. 27, 193. 1916; 30, US, 1917. 
" Emmett and Luros, J. Biol. Chera. 38, 257, 1919. 
•w Lane-CIaypon. 1. c, p. 230. 
«' Daniels and Loughltn, J. Biol. Chem. 44, 3S1. 1920. 
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The experimental animals used by Daniels and Loughlin were 
healthy young rats. It had previously been observed by Daniels and 
Stuessy " that rats fed on milk which had been boiled for even one 
minute grew subnormally and never reproduced, but that the addition 
of well-washed coagulated egg yolk or white or casein induced normal 
growth, and, in the case of the egg yolk at least, successful reproduc- 
tion. In these experiments the milk was placed in glass containers 
holding one pint, surrounded with cold water, and brought to a boil. 
Since the length of time the milk was held at boiling point (1, 10 or 
45 minutes) appeared to make no appreciable difference in the results, 
in the second set of experimente the milk was brought quickly to the 
boiling point in an open kettle and then maintained at boiling temper- 
ature for one minute. To the surprise of the investigators the rats 
fed on milk so treated grew normally and appeared perfectly 
nourished. Repetition of the earlier experiments confirmed the obser- 
vations first made. It was evident therefore that milk which had 
been slowly heated to boiling point was not equivalent for nutritive 
purposes to that which had been heated rapidly to the same tempera- 
ture. Experiments were then undertaken with milk pasteurized by 
heating gradually (in the course of 30 to 45 minutes) to ^° and 82° 
C. respectively, the milk being held at this temperature for 40 minutes 
and then cooled with running water. Condensed and evaporated milk 
were also tested. The condensed milk had been prepared by heating 
to approximately 200° F. and then evaporated in vacuum pans to the 
desired consistency, the temperature during this part of the operation 
averaging 150* F., but dropping to about 120° before ite completion. 
In the preparation of the evaporated milk it was held at the boiling 
temperature for 10 minutes, then evaporated at 130° to 140° F., 
cooled, canned, and sterilized at 240° F. for about 20 minutes. The 
pasteurized milk failed to induce more than one-half normal growth, 
and the animals on the evaporated milk grew very slowly but in a 
miserable condition for a longer or shorter period and then died. It 
is noteworthy, however, that they showed no signs of xerophthalmia. 
Additions of butter-fat or extract of wheat embryo were without effect 
in stimulating growth, and separate tests on purified rations deficient 
in B but supplemented with fresh and evaporated milk indicated if 
anything a rather higher content of B in an amount of evaporated 
milk supposed to be the exact equivalent of the fresh milk used. Addi- 
tion of calciimi lactate, however, produced much better growth, both 
with the evaporated and the slowly pasteurized milk. When calcium 
glycerophosphate was used instead of calcium lactate the results were 
It Danieli and Staetsy, Am. J. Dis. Child. U. 45. 1016. 
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even better, growth and reproduction both being highly successful. 
The best growth of all was obtained when tricalcium phosphate was 
made into a paste with starch and fed with evaporated milk. 

These results are in line with those obtained by Hittcher " in feed- 
ing calves on boiled milk, in which he found that boiled milk with the 
addition of tricalcium phosphate was much more efl&cient for growth 
than raw milk or milk supplemented with any other salt. Daniels 
and Loughlin suggest that on long heating sufficient insoluble calcium 
salt precipitates to lower the nutritive value of the milk, a hypothesis 
which is confirmed by the fact that when especial care was taken to 
include the insoluble material by incorporating the whole in a paste, 
results comparable to those on raw milk were obtained. The better 
growth of the animals on condensed milk as compared with evaporated 
milk is explained by the fact that the condensed milk which is of a 
thick viscous consistency was fed undiluted and consequently the in- 
soluble material remained fairly well distributed through it. The 
improvement noted in the work of Daniel and Stcussy on addition of 
egg yolk and casein would naturally follow from the amount of cal- 
cium and phosphorus in these substances. It may be noted in this 
connection that Soldner ^° foimd a loss of from 13 to 15 mgs. of cal- 
cium and 10 to 13 mgs. of phosphorus per 100 cc, of milk which was 
just brought to a boil. Solorain *» found that at 130° to 140° C, 
about one-half of the ash of milk, including all of the catciimi phos- 
phate, was precipitated. 



It seems clear from the foregoing that neither of the vitamins A " 
and B are appreciably affected by the ordinary heating of milk. It 
should be noted, however, that Sekine •' found that although weaned 
white mice thrive well on condensed milk alone for about 100 days, 
they finally suffer from polynemritis and anemia. When iron and vita- 
min B were added, the mice became normal. 

The antiscorbutic vitamin is more susceptible to heat, and it might 
therefore be expected tliat heated milk would sliow a deficiency in this 
respect, an expectation which is fully borne out by the reports of va- 
rious observers. 

*• Hittcher, Landwirtsch. Jahrb. 1909, quoted by Lane-CUtypon, p. 166. 

" Soldner, Undw. Vereuchs. 1888, p. 351, quoted by Lane-Claypon, Lev 
351. 

" Solomin. Arch. f. Hyg. 28, 43, 1897. 

■» See also Barnes and Hume, Bioch. J. 13, 306, 1919. 

" Hildcsaburo Sekine, J. Tokyo Chem. Soc. 41, 439, 1920; Chem. Aba 
1920, 2813. 
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The conflicting reports from practitioners as to the prevalence of 
infantile scurvy among babies fed upon pasteurized milk may perhaps 
be reconcilable by the theory of Hess, that aging of milk is an im- 
portant factor in the destruction of C.** Hess obscr\'cd Uiat home 
pasteurized milk was less likely to induce scurvy than that which had 
been pasteurized commercially, although the temperature employed 
was the same in both cases (145° F. for 30 minutes). As the only 
difference in the treatment given the milk was to be found in the in- 
ter\'al of time between pasteurization and consumption he tested the 
effect of aging by keeping homo-pasteurized milk on ice for 48 hours 
before using. Of eight infants which were fed the milk so treated, 
two showed scorbutic symptoms which were relieved by giWng them 
orange juice. Two out of another eight which were fed milk that 
was kept on ice forty-eight hours after the lieat treatment, sliowed 
signs of scurvy. In other cases scurvy was observed in infants fed 
certified milk which had not been pasteurized, when the latter had 
been kept on the ice forty -eight hours before feeding. 

The general trend of evidence from animal experimentation goes to 
show that the antiscorbutic, which is relatively low in cow's milk at 
best, is decreased by heating, the amount of destruction increasing 
rather rapidly with increase in temperature. Frolich •" states that 
milk heated to 70° C. aflforded protection to guinea pigs against 
scurvy, while milk heated to 98** C. for ten minutes failed to do so, 
but the amounts consumed are not noted. Chick, Hiune, and Skel- 
ton " found that the antiscorbutic power of milk is appreciably de- 
creased by heating to 120" C. under pressure, an observation which 
was confirmed by Hart, Stcenbock, and Smith.*' In ordinary pas- 
teurization the milk never reaches so high a temperature as this. 
Barnes and Hiime •' found that a ration of 200 cc. of milk which was 
brouglit just to a boiling temperature caused the rapid and complete 
recovery of a monkey which had developed scurvy on a daily ration 
of 200 cc. of dried milk. The amount of milk fed was so large that 
26 per cent of the antiscorbutic present might have been destroyed 
by the heating without detection, but these investigators believe that 
the rapidity of the cure indicated that the ration contained consid- 
erably more than the minimum necessary to effect a cure. 

Anderson, Dutcher, Eckles and Wilbur •' found that pasteurized 

•* Hess, Am. J. Via. Child. 14, 337, 1917. 

" Frttlich, Ztsch. f. Hyg. u. Infekt. 72, 155, 1912. 

»« Chick, Hume and Skelton, Biocb. J. 12, 131, 1918. 

0' Hart, Stcenbock, and Smith, J. Biol. Chem. 38, 305, 1910. 

•• Barnes had Hume, Bioch. J. 13, 306, 1919. 

» Anderson, Dutcher, EcUei &Dd Wilbur, Sci. 53, 44&, 1921. 
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milk, heated at 145° F. for 30 minutes, produced scurvy very quickly 
and all of the animals died in a very ahort time, while boiled milk 
■was practically equal, in nutritive properties, to the unhcated raw 
milk. Examination revealed the fact tliat the pasteurized milks had 
been stirred rather violently with motor-driven propellers, while the 
boiled milk bad not been stirred mechanically. This suggested that 
oxidation had occiured in the pasteuriaed milks, a theory which was 
confirmed by subsequent experiments. Some destruction occurs when 
air is bubbled through milk at 145° F for 30 minutes, but the destruc- 
tion is much more marked when oxygen or hydrogen peroxide is used. 
Oxygen and hydrogen peroxide will destroy the antiscorbutic acces- 
sory at room temperature althougli the destructive action is hastened 
as the temperature increases."** Milk may be pasteurized in closed 
vessels or boiled in the open air without appearing to lose its nutritive 
and antiscorbutic properties when fed to guinea pigs. When carbon 
dioxide is bubbled through the milk, it compares very favorably in 
nutritive properties with the raw mitk. Since it is probable, however, 
that some slight destruction of C may take place even at quite low 
temperatures it would seem wise to take the precaution of supplement- 
ing heated milk with orange juice or some other source of C, and also, 
in view of Hess's observations, to shorten the interval between pas- 
teurization and consumption as far as practicable. In this connection 
Hess's remarks "^ may be quoted: 

It is not to be inferred from these conclusions that the use of pasteurized 
milk is fraught with danger, but merely that it is an incomplete diet for babiea 
and must be given with antiscorbutic food. Its use is highly desirable and to 
be recommended for pasteurisatioD does not seem to affect the nutritional value 
of the mitk and renders marked service in preventing the occurrence of various 
infectious diseases. There are secondary factors in the causation of scurvy. In 
the first place there is an individual variation which must be taken into account 
This would seem to depend upon hereditary characteristics, upon the amount 
of antiscorbutic material which the infant brings with it when it comes into the 
world. Secondary food factors would also seem to play a part; in our experience 
those infants which received malt preparations seemed to be most predisposed 
to liie development of scurvy, and it is quite possible that there is a relationship 
to carbohydrate diet, similar to that which Funk has drawn attention to in the 
case of beriberi. Whenever the connection of pasteurization and scurvy is 
brought forward, the statistics of various French writers who ctaim to have fed 
some thousands of babies on sterilized milk without encountering scuny, are 
cited in refutation of the harmful effects of heat. Without analyzing these re- 
sults, it may be said that these infants were cared for in an ambulatory service 
and that their diet was therefore not under close observation and probably they 
were not observed for a sufficiently long period to detect the rudimentary form 
of scurvy. 

100 See also Hetft, J. Am. Med. Ass. 76. 693. 1921. 

10^ HcM, 2nd Pan. Am, 8ci. Cong. Sec. 8, Ft. 2, p. 40. 
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What has beeu said of pasteurized milk will bold in general for 
evaporated and condensed milks. The general methods of prepara- 
tion of these products have been described (p. 277). Condensed 
(sweetened) milk is subjected to about the same degree of heat aa 
that used in the " hold " method of pasteurization, while evaporated 
milk is usually sterilised by heating imder pressure. Both products 
are free from bacterial contamination but are probably deficient in C, 
and should therefore be supplemented by additional supplies of this 
vitamin/**" Hess ^°* stales that sweetened condensed milk has been 
found to retain the larger part of ita antiscorbutic factor, while on the 
other hand Giorgi ^°* has described an epidemic of scurvy coincident 
with the introduction of condensed milk. This contradiction may 
perhaps be reconciled by the statement of Hume'**^ that there is no 
destruction of vitamin ia full-cream sweetened condensed milk pre- 
pared by concentration at a low temperature in vacuo, so that if the 
condensed milk is diluted to its original volume by addition of three 
volumes of water the vitamin content may be said to be adequate, but 
that if it is diluted eight times or more, according to instructions, its 
vitamin content may be inadequate, although, owing to its higher 
sugar content, it still gives an adequate supply of calories. 

The nutritive value of dried milk has been very fully reported on 
by Coutts and Winfield.**** There are various methods of preparing 
this product, in some of which the milk is evaporated at a compara- 
tively low temperature, while in others it is exposed to a high tempera- 
ture, but for a very short time. Usually the milk is either passed in 
a thin layer over the surface of a heated cylinder, evaporation being 
hastened by a current of hot air, or forced, after partial evaporation, 
in the form of a very fine spray, into hot dry air. As an example of 
the first process, that of Just-Hatmaker is described by Coutts as 
follows: 

Two hollow metal cytiDdera arranged to revolve in opposite directions are 
mounted so as almoet to touch one another. At one time the process waa car^ 
ried out with the cylindcra performing aix or seven complete revohitioos per 
minute, but the speed has been increased in hiter models to 14 times a minute, 
or even faster. The cylinders are heated internally by steam at a pressure of 
two to three atmospheres, so that their surface temperature is considerably over 
100* C. 

The liquid milk runs from an elevated coataioer into the hollow between the 
two revolving cylinders, the result being a constant rapid ebullition leading no 

»•« See Hart. Stecnbock and Smith, 1. c. 

1" Hess, J. Am. Med. Aee. 76, 603, 1921. 

104 Giorgi, Pediatria. 20, 66, 1021. 

10*. Hume. Biochem, J. 15, 163, 1921. 

lu Coutts and Winfield, Local Govt Bd. Food Reps. No. 24, London, 19E20. 
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doubt to a certain coDcentration of the milk. The milk then spreads in a thin 
film over the surface of the cylinders, and the water ia rapidly evaporated, leav- 
ing a thin aheet of dried milk having the appearance of tissue paper. When the 
cylinders have completed about two-thirds of a revolution, knife-bladea, adjusted 
so aa to touch the surface of the cylinders, scrape off the film of dried milk and 
the tliin pellicle falls into a receptacle below. This is afterwards broken up and 
parsed through a sieve, thus giving a uniform, finely granular powder. 

The secood method is used in the preparation of Trurailk,*"' in 
which the milk is first partially condensed in vacuo and then without 
being cooled is filtered and forced in a mist-like spray into a hot cham- 
ber through which air is circulating. The milk falls to the floor in a 
fine powder. 

On account of their convenience in transportation and preservation, 
milk powders are coming into extensive use by bakers and confec- 
tioners, for whose purposes they are said to be fully equal, if not su- 
perior, to whole milk. They are also prepared for the use of travellers 
and campers in regions where fVesh milk is not available, and as an 
ingredient of special foods for invalids and children. With regard to 
its bacterial content, dried milk compares very favorably with fresh 
milk, although it is not to be regarded as sterile. 

Dried milks may be either full cream, half cream, or skimmed milks. 
In what follows unless otherwise specified full cream milk is referred 
to. 

The concentration of the solids in dried milk is regarded roughly 
as eight times that in fluid milk, and the proportion in which the con- 
stituents are present is estimated to be as follows: '"^^ 

Fat 26-28 per cent 

Protein 25-28 " " 

Lactose 34-40 " " 

Ash 6-7 " " 

Water 6-7 " " 



Coutts ^** states that the albumin and globulin are at least partly 
coagulated. The caseinogen is not coagulated, but is probably altered 
in some way, the general concensus of opinion being that it is more 
digestible as found in dried milk than as in fresh milk. Any altera- 
tion which occurs in the fat or the lactose appears to be insignificant. 
The soluble salts of calcium are transformed, to some extent at least, 
into insoluble salts, but these are still available for nutritive pur- 
poses.*" 

»« Merrell-Soule, Eng. Pat. 19,193, 1906. 

*" Lane-Claypon* p. 206. 

i«8 CouttB. I. c., p. 28. 

>» Daniels and Loushlin, J. Biol. Chem. 44, 396, 1920. 
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With regard to the vitamin content of dried milk, it miglit be ex- 
pected that this product would not be inferior to evaporated milk in 
that respect, and might be superior, owing to the short period of ex- 
posure to heat. The experimente of Osborae and Mendel already re- 
ferred to (p. 270) in which a diet of 60 per cent nulk powder, 12 per 
cent starch, and 28 per cent lard was used, indicate that there is at 
least a fair amount of both A and B present, but when Winficld **' 
attempted to keep rats on an exclusive diet of dried milk he found 
that while growth was normal for some weeks, often for as long as 
three months, it gradually became retarded and eventually ceased 
entirely, although the animals apparently remained in perfect health 
for the full period of the experiment, 16 months or more. As already 
pointed out (p. 271), it seems improbable that this failure in growth 
was due to lack of the recognized vitamins, since the fault was cor- 
rected by the addition of starch and lard, which are supposed to be 
free from vitamins. Moreover, although growth ceased there was no 
CAndence of xerophthalmia, neuritis, or any of the other symptomB 
generally observed on a A^tamin-poor diet. Use of fresh milk instead 
of milk powder did not induce renewed growth in the animals which 
had ceased to grow, but when a bread and milk ration was given 
growth recommenced.^*^ 

Winfield investigated 87 cases of infante on a dried milk diet and 
found tliat their growth curves closely resembled the average curves 
for breast-fed children, teething and walking began at normal ages, 
and there was no apparent liability to rickets or scurvy. 

Naish, in a paper on " The Use of Dried Milk " given at a Confer- 
ence on Infantile Mortality held in London in 1913,**^ states that: 
" We have in dried milk a food which contains the same substances 
as cow's milk and in the same proportions (except when humanized), 
which is adjustable to a wider range of infant which has obvious ad- 
vantages of storage and distribution, and which appears to have no 
danger of the later nutritional disorders." 

Sherman and bis co-workers **^ state that when dried milk took the 
place of fresh milk in their experiments with rats on a diet of bread 
and milk there was no evidence of any serious destruction of either 
AotB. 

Several observers"' have stated that the antiscorbutic in milk is 

"0 Winfield, Local Govt. Bd. Food Repts. 24. p. 146. 
"^ See also Mattill and Conklin and Lane-Claypon, quoted on p. 270. 
1" " Pediatrics " 26, 247. 1914. 

iisa Sherman^ Rouse. Allen and Wooda, Proc. 3oo. Exptl. Biol. Med. ly, 
9, 1919. 

lis Pilgrim, quoted by Chick and Rhodes, Lane. 1018. ii, 774; Hopkiaa, 



I 



i 
I 



MILK 



289 



Fiti. 21. The liiet. of i\\\» mt coasisted q( wheut flour 20, clegeraiinuted rem 
10, cook^iJ. dried potato 30. peas 10, navy beans 10, beeta 5, turnips 5, and 
eookeil, drieil beeMuak 10 per cent. 

This diet was derived from degcmiinntcd crrcal pro<lu(?rs. leKUiiip eteeds. tubers, 
eilible rooirt, and meal (muacle tiss\if). but difTorcd from that of Fir. 22 in not 
containing milk. It afforded wide variety, had lui appropriate chemical cora- 
positioa in f^ far as Ann)y)<is could $how, was paUtuble. and included only 
natumi food prodiictji of recORnized wholesouicnejw, ami from both iiniinal 
and vcfEotdble !(oun.>es. Notwithstanding Thetu? faetj« the nutrition of the animnb 
rentricteil to thii* fooil .mipply was ver>' faulty. The photograph showt* a rat 
at tlie age of 308 days, or at about tiie eml of the first quarter of the normal 
span of life for a well-nouriwhed animut of tliw speeiej*. It weighed but 137 
gn:. H8 compared with the one pictured in the following ilhit^tration whose 
weight was 245 gm. Tlu- pronounced .stunting and \rn' rapid aging under this 
diet emphaKize tht> iniporlatK'o of including the foodHtufTt^ denignat^'d an 'pro- 
tective foods." Milk is the most efieclive of these. 



Fifl. 22. The tiirt of this FHt consisted of boltetl wheat flour 20. degerrainated 
oom-moal 10, potato 24. peas 8. navy bi«us 8, tumi|*H 5, l>eetis 5. beefflteak 
10, and do* whole milk (Merrill-SauleJ 10 per cent. 

This diet was deri\XHl from the same foodstuffs as that employed above« 
and in closely similar amounts, and differed from it only in cuutaimng 10 per 
pent, of it« dry t?ub-il.iTice as dry whole milk. The addition of this amount 
of milk corrected the faults in the retiiainder of the diet in a manner that ia 
mo?t surprising. The animal was 308 days old ami weighed 243 gm. when 
photographed. Il was, thnreforc, but little beyond one-fourth through the 
normal span of life for the species. 

Figs. 21 anrl 22 supplied through the courtesv^ of Messrs. McCollura, 
Simmonds, Parsons and Journal of Biological Chemistrj' 38. 146, 1919. 
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reduced by the dr>'ing process. It is probable that there is consider- 
able variation in the different dried milks on the market in respet-t to 
this factor, depending not only upon the temperature and time of heiit- 
ing, but also upon the length of time the product has been stored. 

Barnes and Hume experimented with both guinea pigs and mon- 
keys, and found that with both species a larger proportion of dried 
milk tlian of fresh was required to give protection against scurvy; in 
fact with guinea pigs they found it impossible to secure protection on 
an exclusive dried milk ration as the animals could not consume a 
Bufi&cient amount of the food. The minimum protective ration of raw 
milk for monkeys was found to be 125 to 175 cc. daily, while it was 
necessary to give the equivalent of 250 to 300 cc. in dried milk freshly 
manufactured by the Just-Hatmaker process in order to secure the 
same degree of protection. 

Hess and Unger "* found that guinea pigs which had developed 
scurvy on a diet of hay, oats, and carrot water were cured by the addi- 
tion of dried milk equivalent to 80 cc. of fresh milk to their diet. They 
concluded that driwl milk"" hud lost none of its antiscorbutic power 
during tlie drying process, a conclusion in which they were confirmed 
by finding that infantile scurvy could be cured by giving dried milk 
of this variety. Barnes and Hume explain the discrepancy between 
these results and tiieir own by the fact that Hess and Unger gave hay 
ad lib. in the basal ration, while they themselves gave only oats and 
bran. Hart, Steenbock, and Smith ^'* have pointed out that a 
smaller amount of milk is sufficient to give protection on an oat-hay 
diet than on a rolled oats ration alone. These investigators could find 
no evidence of antiscorbutic in one brand of skimmed milk powder ^^'' 
which they investigated although their basal ration included hay 
ad lib. 

On the other hand, Davis '** confirms Hess and Unger, having main- 
tained four guinea pigs for 400 days on a ration of hay and salt, with 
milk powder as the sole source of C. Although the ration was too 
concentrated for successful reproduction three young were reared on 
the same ration, and one of these gave birth to a litter of three of 
which two were reared. At tlie end of the experiment all nine were 
autopsied but no signs of scurvy could be detected. 



Roy. Soc. Med. Sect. Tlxcr. Pharm. Nov. 18, 1919, Lano. 1919, ii, 970j Barnes 
and Hume, Bioch. J. 13, 306, 1019. 

>i* Hess and Unger. J. Biol. Chem. 3S, 293, 1919. 

*i" Just-Hatmaker pro<Juet. 

I'" Hart, Steenbock and Smith, J. Biol. Chem. 38, 30,% 1919. 

1^' Mcrrcll-Soulc prfparalion. 

i^« Davis, J. Home £c. 12, 209, 1920. 
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Hart, Steenbock, and Ellis "* conclude that milk powders vary in 
antiscorbutic properties. Apart from the initial quantity of C in the 
milk, due to variation in the feed of the cow, there may be consider- 
able variation due to the method of manufacture, the spray processes 
in general being more destructive than the Just-Hatmaker process. 
They point out that tiiis does not condemn spray process powders, 
but merely indicates their limitations when used as the sole source of 
nutrients in infant feeding. While it is probably safest to supply 
some potent source of C as supplement to all milk powders, there may 
be possible exceptions in the case of powders made by the Just- 
Hatmaker process from summer milks or even winter milks where the 
cow's ration has been made rich in antiscorbutic vitamin by proper 
selection of roots and tubers. 

Jephcott and Bacharach "° found the antiscorbutic value of 
summer and winter milks dried by the roller process to be about equal 
to one another and to those of the original raw milks, Milk neutral- 
ised with sodiioin bicarbonate before drying had a slightly inferior 
antiscorbutic value, and milk dried by the spray process was markedly 
deficient in antiscorbutic value. The dose of reconstituted dried milka 
required was 26 c.c. per 100 g. of body weiglit, the requirement of 
summer and winter milk being approximately the same. 

110 Hart, Steenbock. nml Ellis. J. Biol. Chem. 46, 309. 1921. 
'20 Jephcott and Bacharach, Biochem. J. is, 129, 1921. 
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It should be evident from whnt has already been said that the im- 
portance of the vitamins, especially in early life, can hardly be over- 
emphasized. Apart from the specific diseanes, scurvy, xerophthalmia, 
and perhaps rickets, which result from pronounced deficiency of these 
factors in the diet, there is a long list of less obvious disorders which 
might easily be ascribed to some other cause, or even escape notice 
altogether for a considerable time, but which arc probably as inc%it- 
able accompaniments of a diet poor in \'itamins as are the recognized 
" deficiency diseases " themselves.' Schaeffer '* believes the avita- 
minoflis (vitamin deficiency*) of young infants the most common of all 
and the most difficult to differentiate. Besides the marked decline and 
wasting of the tissues, frequently accompanied by xerophthalmia, 
which are regarded as indications of lack of A, diminislied appetite, 
weakness, and lack of resistance to infection, anemia, and sometimes 
diarrhoea develop on diets wliich are inadequate in respect to this fac- 
tor. Growth may be retarded, even where the deficiency is not so 
pronounced as to lead to actual wasting of the tissues. Derangement 
of the cak'jum metabolism is, according to Mellanby, a serious result, 
which may be manifcstcti in the apiK^arancc ol rickets and the produc- 
tion of defective teeth. Puppies wliich had been brought up on such 
a diet developed irregular and overlapping teeth, with the enamel 
partially lacking or very defective, tiie teeth in many cases being soft 
enough to be cut with a scalpel. 

Deficiency of B leads to functional changes nf almost all the organs 
of the body as well as to degeneration of the central nervous system. 
The glands of internal secretion and the digestive organs appear to ' 
suffer parti<-ularly. Acidosis frequently results from imperfect car- 
bohydrate metabolism. McCarrison believes that many of the ob- 
scure diseases of children may l>e directly or indirectly due to lack of 
this ^^tamin. Moreover, deficiency of B, jus of -4, leads to lowered 
resistance and increased susceptibility to bacterial infection. Loss of 
appetite is one of tlie earliest symptoms and a very serious one, since ' 

» Sou Ch. IX. 

1" Schaeffer, Medecine (Paris), 1, 728. 1920. 
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it results in diminished intake of food and hence still greater deficiency 
of vitamiBs. 

Lack of C is followed by the appearance of scurvy in a compara- 
tively short time, but Hess in America, and Barton ' liave warned 
practitioners that Uie external symptoms of this disease indicated the 
later stages of deficiency, and that various ill-effects may have been 
developing slowly for some time. They therefore recommend the 
administration of antiscorbutic as a routine practice with all artifi- 
cially fed infants, even where these are apparently healthy, a practice 
which has been advocated by Pritchard * also. 

The calcium metabolism suffers from lack of C as well aa from de- 
ficiency of A, resulting in abnormalities of the bony structure and of 
the teeth. It has been found possible to produce a condition in the 
teeth of guinea pigs closely resembling, if not identical with pyorrhea 
in man, by depriving them of adequate supply of C, and there is fairly 
convincing evidence for the belief that the defects of the teeth which 
are so prevalent in the present generation are due to insufficiency of 
vitamins in the food. 

It is therefore of the utmost importance that the growing child be 
abundantly supplied with the necessary factors from early infancy. 

The natural food for the young mammal is the milk of its mother. 
The variations in the milk of different species appear to be such as 
will correspond to the specific needs of the young of that species, and 
it may be assumed that the milk of a healthy mother on an ample and 
well-balanced diet will fully satisfy the physiological requirements 
of her offspring until it is ready for weaning. On the other hand, as 
has been pointed out already, if the diet of the mother is deficient in 
any respect, normal growth of the yoimg can take place for a limited 
time only. Among the poorer classes in the Philippines, where the 
principal food is rice and fish, infantile beriberi is conunon among 
breast-fed children, and Andrews demonstrated that the milk of the 
mother of these children would produce antineuritic symptoms in 
puppies when given as the sole source of vitamin B. Scurvy, rickets, 
and pellagra have all been observed in breast-fed children, although 
such observations are rare compared with the number of cases among 
infants on artificial diets. McCoUum and Simmonda * made an 
elaborate study of the effect produced upon the offspring by depriving 
lactating rats of definite dietary factors." Where the mother's food 

> Barton, Lancet, 1919, ii, 348. 
» Pediatrics, 26, 300, 1913. 

* McColIum and SimmondB, Am. J. Physiol. 46, 275, 1918; McCoUam, 
"Newer Knowledge of Nutrition/' N. Y. 1919, 117. 
' See also Drummond, L&no. 1918, ii, 482. 
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was entirely lacking in A growth took place at subnormal rate, indi- 
cating either that the young rats had a reserve store in their own tis- 
sues or that the mother was accreting a small amount of this vHtamin 
from her own body fat. That the latter hj-pothesis is the correct one 
is indicated by the loss of weight by the mother. McCollum says: 
" It aeems certain that the body fats of an animal which has been fed 
for some time on a diet rich in this substance A, will serve as a re- 
serve supply of this dietar>' essential which the mother can secrete 
into the milk." 

Experiments with diets deficient in B gave similar results, and Mc- 
Collum concluded that neither A nor B is present in the optimum 
amoimt in the milk of tlie mother unless they arc supplied in her food. 
Suice, however, the young grew for a considerable time, although at 
slightly subnormal rate, when the mother was on a diet which would 
not sustain any growth in the yoxmg after weaning, it is cndent that 
the mother can produce milk which is an improvement in respect to 
vitamin content, over the ration which she is herself receiving, either 
by concentrating in the milk the small store of vitamins which she 
gets, or by using up the reserve store in her o\v^ tissues. She is thus, 
as McCollum points out, a factor of safety for the nurslings. Similar 
observations were made in other experiments in which the diet was 
deficient in protein or mineral salts. While a certain amount of 
growth was possible, — in some cases a surprising amount, — both the 
young and the mother suffered. Commenting upon these experiments, 
McCollum remarks: ■ " The statement which one sees reiterated so 
frequently, that breast feeding of infants is superior to the best system 
of artificial feeding, needs to be qualified to some extent. Tliere are, 
without question, in many parts of the world, large groups of people 
whose diets are of such a character that the quality of the milk pro- 
duced by the lactating mother is not such as to make it a satisfactory 
food for their infants."* It should be thoroughly appreciated that the 
human mother should have in her diet a liberal amount of milk in 
order to safeguard the health and well-being of her infant, and of 
leafy vegetables, which serve the two-fold function of a protective 

• McCollum, " Newer Knowledge of Nutrition." p. 128. 

** From experiments conducted with rata, Hartwell (Biochem. J. is, 140, 
1920) has ascertained the effect of diet on mammary secretion. Provided the 
mother is given a good diet such aa bread and whole milk, the baby rats at the 
end of the lactation period wilt weifth twice as much oa when the mother is sup- 
plied with a poor diet, i. e. bread only. Extractives and protein tend to keep up 
the mother's weight. An excess of protein after a time brings about a cessation 
of the milk supply. Neither absence of fat nor an excess of carbohydrate ap- 
peared to have a disturbing effect. During the normal period of lactation, the 
mother can fumiab vitamios A, B and C. 
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food and of greatly aiding intestinal elimination. That some mothers 
can induce a fair amount of growth in their infants while taking a 
faulty diet, cannot be denied, but that both mother and child suffer 
impairment as the result is beyond question. It is not enough that 
the diet shall furnish enough calories and enough protein, and shall 
afford variety and palatability. The peculiar dietary properties of 
the foodstuffs which enter into the diet are of paramount importance, 
and must be taken into consideration." 

From his experiments on rats Drummond ' has been led to believe 
that certain types of malnutrition common among the lower classes 
may be the result of diets more or less inadequate in regard to vita- 
min A, and particularly emphasizes the fact that young rats nursed 
by a mother whose diet was deficient in this respect never exhibit a 
normal resistance to disease. 

When the mother's milk is not available for the infant, cow's milk 
in some form is almost invariably used as the substitute. This may 
be fed raw or after pasteurization, condensing, or drying and it is com- 
monly modified in various ways in the attempt to approximate more 
closely the content of human milk. The effect of heat upon the va- 
rious constituents of milk, including the vitamin content, has been 
fully discussed in Chapter XV. 

In spite of the somewhat conflicting evidence it seems justifiable 
to conclude that a healthy child can develop normally on an exclusive 
diet of cow's milk, whether raw, pasteurized, dried, or condensed, pro- 
vided a BuflQcient quantity can be fed. Even in raw milk, however, 
the supply of vitamins is near the min imum ^ and heating reduces this 
still further, especially if long continued. For this reason milk which 
has been pasteurized by the " flash " method, heating to boiling point 
or a little imder for a minute and then cooling rapidly, is preferable 
to that which has been kept at comparatively low temperatures for 
longer periods, although this latter method is the one most generally 
used for pa8t<?urization in the United States. For the same reason 
dried milk appears to be preferable to condensed milk for infant feed- 
ing, and the sweetened condensed milk is probably to be regarded aa 
superior to the imsweetened " evaporated " variety which is frequently 
sterilized after condensation to improve its keeping qualities, although 
the high proportion of sugar in the sweetened product is probably a 
disadvantage." Moreover, since aging appears to result in loss of C 
it is important to decrease the time between pasteurization and con- 
sumption as far as pos^ble. 

T Drummondt Lane. 1018, ii, 482. 

• This Ib denied by Lassabliere. See Lane. 1918, ii, 51 




VITAL FACTORS OF FOODS 

It seems to be the general impression that where whole milk in any 
fcnn is the chief component of an infant's food there is little danger 
of deficiency of A. Bloch's experience in Copenhagen" indicated 
that a very small amoimt of this factor may be sufficient for aucceas- 
ful nutrition. Milk fat appears to be the best source of this vitamin 
for infants; with older children eggs, and where necessary cod liver 
oil, may be used with advantage. 

The feeding of children on separator milk to which vegetable fats 
have been added in order to bring thii; up to the fat standard of human 
milk is in general to be reprobated, owing to the deficiency of most 
vegetable fats in A, Linseed oil, which has been most commonly used 
for this purpose, is devoid of A, and most authorities agree ihat the 
use of this product as a substitute for butter-fat is likely to result in 
greatly diminished resistance to disease unless the necessary A is pro- 
vided from some other source.'** Pritchard and others report good ' 
results with an emulsion of soy bean oil, cotton seed oil, and suet, in 
proportions designed to resemble butter-fat. This is combined with 
sugar and dric<l separator milk to the standard of breast milk. Soy 
bean oil probably contains a small amount of A, and the beef suet is 
fairly rich in this factor. Hampshire and Hawker " recommend a 
somewhat similar emulsion of beef suet with a small quantity of 
olive or arachis oil. This product is known as " university cream " 
and is said to give good results. 

Pritchard supplements such a food with fruit or turnip juice as an 
additional source of C and an ounce of meat and vegetable broth to 
increase the supply of B, along with small quantities of either yolk 
of egg or calcium glycerophosphates, which seem to be equally bene- 
ficial. 

Daniels, Byficid, and Loughlin " have reported that addition of B 
as obtained from fruit or vegetable juice or from wheat embryo to a 
diet already furnishing an adequate number of calories invariably 
stimxilated the growth of babies, while orange juice from which the B 
had been removed was of no effect. They also made use of a specially 
prepared vegetable soup as a milk diluent, with good results which 
they ascribe to the B present. They consider that the retarded growth 
of infante and young children is often the result of a deficiency of 
this vitamin in their food, and suggest that the relatively large food 



• See p. 235. 
" Dnimmond, Lane. 1918, ii. 482; Pritchard, Ih., 647. 
11 HampBhire and Hawker. Pharm. J. 103. S2, 1919. 

i> Daniels, Byfield, and Loughlin. Am. J. Dis. Child. 18, 546, 1919; 19, 349, 
1930. 
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requirement of the artificially fed infant is connected with the poverty 
of diluted cow's milk in respect to this growth factor. 

Eddy and Roper ^' have studied the effect of administering vita- 
min B in cases of infant malnutrition^ and report excellent results in 
all cases (16 children). In one case they observed nn average gain of 
0.84 ounces per day over a p>eriod of 32 days, as compared with a gain 
of 0.47 ounces per day for 17 days preceding the use of the vitamin, 
the diet and food intake being the same through both periods. A 
three per cent increase in vitamin intake (as measured by the Bach- 
man test^*) produced marked stimulation. Eddy suggests that the 
pronounced effect of so small an addition indicates that extracted \'ita- 
min may be more readily utilized by the child than that present in 
the diet, and that the way in which the vitamin is held in the food 
may be an important factor in nutrition. 

In discussing the proportion of ^ in milk, Osborne and Mendel ^* advise 
the use of a liberal amount of milk when this is depended on to supply any 
considerable proportion of tliia niOHt necessary food factor. A case of tliia kind 
is that of iufaat feeding where it ia customary to reinforce the supply of calories 
by diluting top milk and adding milk sugar. Under these circuDiatances the 
food contains a relatively smaller proportion of tlie water-«otuble vitamin tlian 
does the original cow's milk. While milk thus modified may contain sufficient 
vitamin as long as the food intake is normal, if for any reason the child's appetite 
fails, the vitamin supply is reduced and endless dietary troubles may easily re- 
sult. It is not improbable, they state, that a large part of the difiicultiea of 
artificially feeding babies is due to this cause, and that these can be obviated as 
micceaafully by securing an adequate supply of this indispensible constituent of 
a suitable diet as has been the case in feedii^ animals on artificial diets since we 
have learned how properly to provide this food factor. 

Drummond ^' reconmiends modifying cow's milk with cream and 
whey only, and believes that if this is done there is little danger of 
deficiency of vitamins. 

Bosworth has patented a method '^ for preparing a " reconstructed 
milk " of the approximate composition of human milk, by separating 
the fat (with the vitamin A) and casein from the serum of cow's milk 
together with practically all the calcium and phosphorus, but without 
any of the dissolved vitamins B and C, and finally re-combining the 
resulting senjm with a portion of the fat and with protein and cal- 
cium and phosphorus in the proportions present in human milk. 

IS Eddy and Roper, Proc. Soc. Exp. Biol. Med. 14, 52, 1916; Eddy. Proe* 
Am. Soc. Biol. Chem. J. Biol. Chem. 41, xxxiv, 1920. 
" Bachman, J. Biol. Chem. 39. 235, 1919. 
1* Osborne and Mendel, J. Biot. Chem. 34, 544, 1918. 
i» Drummond, Lane. 1918, ii. 482. 
" U. S. Patent l^l/MO. 
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Afl has already been poiDted out various authorities recommend 
regular administration of additional antiscorbutic to all artificially 
fed infaDts. Chick, Hume and Skelton '* and Barnes and Hume ^* 
place special emphasis on the necessity of giving an antiscorbutic 
ration to babies fed on heated or dried milk or any milk substitutefl, 
on the ground that even in raw cow's milk this vitamin is near t^e 
minimum and that there is danger that any heat treatment may bring 
the amoimt down below the safety line. 

Orange juice has long been used in infant feeding as a source of 
antiscorbutic. At University College Hospital, London, the minced | 
orange, rind and pulp, is squeezed through a tincture press, and the 
juice collected. The essential oil from the rind acts as a preservative 
and the jxiice keeps for quite a long time. Doses of one teaspoonful 
in a little sugar water are given twice daily to infants under three 
months, and double that amoimt to babies over that age.*^ Where 
infantile scurvy has developed Harden, Zilva and Still *^ state that 
it may be successfully treats with lemon juice preparations from 
which the free citric acid has been removed by treatment with calcium 
carbonate and alcohol. When the irritant part was thus removed it 
was possible to give the equivalent of 6 to 12 lemons daily without 
any gastro-intestinal disturbance. Hess " recommends canned tomato 
imre8er\'edly as the most serviceable antiscorbutic for artificially fed 
infants. It is well borne, comparatively inexpensive, and readily 
available. According to Hess it may be used in doses of one ounce 
per day in infant feeding. The juice of raw swedes (yellow turnips) 
is recommended by the English authorities " as the best substitute for 
orange juice where this is found too expensive for use. The antiscor- 
butic value of these vegetables is high '* and they have the merit of 
being abundant and cheap. The clean cut surface of the raw turnip 
is grated on an ordinary kitchen grater and the pulp folded in a email 
piece of muslin and squeezed with the fingers, till the juice runs out. 
Barlow '" and Hess and Fish " have reported favorably upon the 
iise of potatoes as an antiscorbutic. This may be made into a cream 
by shaking up well cooked potato in water, and fed as a diluent of 
cow's milk. 

i> Chick. Hume and Skelton, Lftoc. 1918, ii, 1. 

i« Bames and Hume, Biocb. J. 13, 306, 1919. 

" Barton, Lane 1919, ii, 348. 

" Harden, Zilva and Still. Lane. 1919, p. 17. 

" HcBS, K. Y. State Jour, of Med. 20, 209, 1920. 

«» Med. Rea. Com. Rep. 38, p. 80. 

'* Chick and Rhodes, Lane. 1918, ii, 774. 

M Bvlow, Brit. Med. J. 1894. 

M Heu and Fiah, Am. J. Dia. Quid. 8, 386, 19U. 
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It should be noted that tomato and turnip juice are good sources of 
A and B as well as of C, so serve a triple purpose. Orange juice is 
about equivalent to milk as a source of B and may possibly contain 
A as well, but in very small quantities. 

The fact that the proportion of children developing " deficiency dis- 
eases ". on artificial diets which are unquestionably low in vitamins is 
small has led to the suggestion '^ that the infant starts life with a re- 
ser\'e supply of these factors sufficient to maintain it until its milk diet 
can be supplemented with other foods. Even if this is the case, how- 
ever, it may be questioned whether this reserve alone is sufficient for 
optimum development. Although no direct experimental evidence is 
available on this point the low mortality among breast-fed, as com- 
pared with artificially fed, infanta during the first year of life suggests 
that their resistance may be increased by a higher vitamin content in 
human than in cow's milk. In the later stages of life, when the milk 
diet begins to be supplemented by other foods, the difference between 
the two classes tends to disappear. 

Norman 3* states that he considers the sui>enority of bre&st-fed children as 
compared with bottle-fed ones is aot so well marked at school age as cue would 
be led to expect. It is during the early years of Life, prior to school age, that 
the great advantage of breast-feeding over bottle-feeding is so apporeot. The 
bottle-fed children of the poor that survive, appear to overtake their disadvan* 
tages, and by the time we find them in school, show no inferiority physically to 
their breast-fed fellows. 

The variation in development of infants on identical diets may very 
possibly be due to variation in the reserve supply of vitamins which 
they are provided at birth, and this in turn may be at least partly 
dependent upon the vitamin content of the food of the mother during 
pregnancy. 

3' Gibson and Concepcion, Phil. J. 3c. B. 1910, ii, 119; Hopkins, Lano. 
1919. ii, 979. 

•• Quoted by Lane-Claypon, " Milk and itd Hygienic Helations," p. 312. 



CHAPTER XVII 
OLD FOODS THROUGH NEW EYES: WHAT TO EAT FROM THE 

viTAMm STAiTOPonrr 

The question which follows naturally from a study of the vitamins 
and their importance in the maintenance of health is how much 
vitamin-containing food is required in the daily ration? Unfortu- 
nately that is a question to which it is impossible to give a categorical 
answer in the present state of our knowledge. It is generally assumed 
that one pint of unpasteurized milk a day supplies at least the mini- 
mum amoimt of all three vitamins for a growing child, but it is far 
from certain that this ia ttie optimum amount. On the contrary ex- 
periments already referred to (p. 296) would seem to indicate that »' 
child may be highly benefited by increasing the vitamin content of 
the food above the customary amount. Still less is known as to the 
quantitative requirement of adults. A is apparently dispensable after 
growth ceases, but it is not known with certainty whether the system 
is actually maintained in perfect health and efficiency over long 
periods of time on a diet deficient in this factor. It has been shown 
(p. 179) that the amount of B required may depend upon the char- 
acter of the diet in respect to protein, fat, and carbohydrate. It is 
still uncertain what relation exists between muscular activity and 
vitamin requirement. It must be continually borne in mind that ab- 
sence of pronounced disease is not a satisfactory criterion of health. 
Only when every organ in the body is in a condition of highest 
efficiency should the individual be regarded as satisfactorily nourished. 
Malnutrition is probably a much more common condition than we , 
recognize, and we can hardly decide at this stage how far a deficiency 
in vitamins may be responsible for such condition. On the other 
band, so far as we know there is no possibility of overloading the, 
system with vitamins, and it would appear the part of wisdom to so] 
regulate our diet as to ensure the maximum consumption of the| 
vitamin-rich foods. While this is most important in early life it' 
should not be disregarded at any period. 



The vitamin content of milk has already been discussed fully. 
Cream and top-milk may be tised as a source of A, and are eminently 
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or loarsahDe as h is called in Europe, id a 
to aay batter siAslitute made by churning fats olbcr 
than milk fat with milk. A great variety of f at5 is U9td for this piir^ 
pooe, oooke of tbem b^ng obtained from animal and others frocn 
vegetable Kioreea. Of the animal fats thow moot eooHBonly uwd are 
" oleo oil ** and " netitral lard." In the preparation of " oleo oil " beef 
fat is rendered, clarified, cooled to soUdificatkn and se(Mrat<*d 
by hydraulic pressure into the lower-melting oleo oil and \he 
hig^-melting oleo-stearioe, the latter being \xscd chiefly in the prepa- 
ration of cooking fata. " Neutral I&rd " is a carefully prepared lard 
which is free from taste and odor and is used in the prcparatiim of 
high-grade oleomargarines. Among the principal vegetable fats used 
are coconut oil, cotton-seed oil, arachis, or peanut <»), Hnsccd oil, com 
oil, and soy (or soya) bean oil. The use of hydrogenatod fats pre- 
pared by treating liquid oils with hydrogen in preecnce of a catalytic 
agent, has increased rapidly within the last few years. By this means 
inedible oils such as whale and other fish oils, can be traosfonnod 
into tasteless, odorless fate of almost any desired melting point. Be- 
sides fish oils, soy bean^ cotton-seed, rape, pciinut, sesame^ linm*cd, 
and sunflower oils are hardened and used in the manufacture of oleo- 
margarines and lard substitutes. A fat or mixture of fats, of the 
proper consistency having been obtained, it is churned witli milk 
which has been soured by a pure culture of lactic acid bacilli to giN'e 
it a pleasant flavor. Butter or cream are sometimes added in vary- 
ing proportions for the production of the better gradoa In some of 
the European countries the amount of butter-fat introduced is re- 
stricted by law, but in the United States any desired amount may bo 
used. 

All the experimental evidence goes to sliow that the fats of the oleo- 
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margarioes are as digestible and as readily assimilated as butter-fat. 
The only nutritive superiority of butter lies in its content of the vita- 
min A, Oleomargarines var^' considerably in respect to this factor, 
according to the fat used in their manufacture. The vegetable fats , 
in general are poor in A and an oleomargarine prepared entirely from 
Bucb fats will contain only insignificant traces of A from the milk 
used in churning. Oleo oil is fairly rich in A, although not equal to 
butter-fat. Animal experimentation has demonstrated that oleomar* 
garines prepared from beef fat will not only serve as adequate source 
of A for the maintenance of growing animals in normal condition but 
will restore animals which have suffered decline from deprivation of A. 
It should, however, be used somewhat more liberally than butter if 
it is to form the sole source of this vitamin. Lard probably is devoid 
of vitamin, so tliat the use of neutral lard does not improve a marga- 
rine in this respect. The fish oils are rich in A, but unfortunately thia 
factor is destroyed in the process of hydrogenation. It may be noted, 
however, that this does not constitute an objection when tlie hydro- 
genated fat is to be used as a lard substitute since, as noted above, the 
lard itself is presumably vitamin-free. 

Since it has been found possible to obtain potent concentrated ex- 
tracts of the A vitamin from the grasses, there seems no reason why 
it should not be possible to enrich a vitamin-poor fat with such ex- 
tracts and thus remedy the only nutritional defect of the butter sub- 
stitute. Meantime it is not necessary to avoid the use of the mar- 
garines on this ground, provided a sufficient amount of A is supplied 
from other sources. The enemies of oleomargarine have been criti- 
cised for making a seemingly unwarranted trade use of data on the 
very limited content of i4 in margarines. It is neither reasonable nor 
fair to the very important and essential vegetable or nut-butter in- 
dustry to condemn these products on the ground that vitamins are 
not present. The amount of animal fats produced is hopelessly in- 
adequate to supply the world's requirements. Vegetable fats neces- 
sarily must form a part of the diet of mankind. We deplore the 
attempts to play upon the defect for trade purposes. Instead, ei^ 
deavors should be put forth to improve the body-building values of 
vegetable fats by the addition of vitamin concentrates to these fats. 



Whole milk cheese is fairly rich in A and may contain a small 
amount of B as well although it cannot be regarded as a satisfactory 
source of this vitamin. Skim-milk cheese is practically vitamin-free 

Eggs are rich sources of A and B. The fat of egg-yolk is as efficient 
as butter-fat in growth-promoting power. Twenty grams of dried 
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whole egg (about half an egg) was sufficient to cure a polyneuritic 
pigeon. There is no evidence, however, that they possess any anti- 
scorbutic power. A diet of milk and eggs, whether raw or cooked, 
would therefore supply an abundance of the A and B vitamin but can 
with advantage be supplemented with respect to C} 

Cooked meats add little to the vitamin content of the diet. Some 
A may be present in the fata, and small quantities of B and C may be 
obtained from the lean muscle tissue, but in general meat and fish may 
be disregarded as a source of vitamins unless used more extensively 
than would be advantageous for the average individual in civilized 
life. The glandular organs are exceptions to this, however, the liver 
and kidney being rich both in A and B. The pancreas (sweetbreads) 
and brain also contain considerable amounts of B. McCoUum*' 
states that it is possible to select foods so as to secure a fairly satis- 
factory diet entirely derived from animal tissues, provided the ration 
is not limited to muscle tissue. When blood, liver, kidney, and other 
glandular tissues are selected, together with a certain amount of bone 
substance, the food supply is sufficiently good to provide for normal 
development. Young animals cannot grow or remain long in health, 
however, when restricted to muscle tissue as the sole food. With 
reference to this it is pointed out in an editorial in the American Medi- 
cal Journal ' that the avoidance of glandular organs on account of 
their high purin content is probably unnecessary. Over-eating of 
glandular tissue is likely to be unwholesome. " But assuming moder- 
ation of diet on the part of a healthy man in a regimen in which liver 
and its analogues arc consumed as adjuvants rather than fundamentals 
in the ration, it is likely that they may often exercise a wholesome and 
even corrective influence in supplying food factors which the cereals, 
roots, tubers, and even muscle tissue lack." 

1 The value of vitamins conUiiaed ia ice cream is diaouased by Jaffa. (Chem. 
Abs. 1921, 2516). 

CoiicemiBK Farmers' Bulletin 1207 issued by the States Relation; Service, 
Department of Agriculture, the American Food Journal (November, 1921, 24) 
notes that the discussion of vitamins in thia bulletin marks the complete accept- 
ance of these discoveries by tlie States Relatione Service. Referring to the vita- 
min A, found especially In milk fat, the bulletin says: " Vitamin A is of special 
importance for two reasons: one is that without it children cannot grow and 
develop normally, even though their food is otherwise sufficient for their needs; 
the second ia that vitamin A is found in such foods as milk, egg yolk, green leaf 
vegetables, fata surrounding the vital organs, organs of animals, to a leaa extent 
in meat, and perhaps in certain fruits and in few so abundant aa in milk. It 
appears to go with the milk fat and ao ia found in whole milk, cream and butter/' 

i» McCoMum. Proc. Inst. Med. Chic. 3, 13, 1920. 

« Am. Med. J. 75, 1206, 1920. 
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Apart from the cereal grains the seeds coaunooly used as foods 
contain no quantity of A. Peas and beanSf (nA or dried, furnish a 
fair amount of B. C appears to be lacking, except on germinatioo. 

Tubers and roots differ surprisingly in their content of vitamins, 
so much BO that no generalization can be made. The white potato, the 
most extensively used root vegetable, is relatively poor in both A and 
Bf but may aerve as an effective antiscorbutic if supplied liberally. 
Bweet potatoes have a higher concentration of A than white potatoes. 
The common yellow turnip (swede or rutabaga) is a good source of 
all three vitamins, although the antiscorbutic is somewhat decreased 
by the necessary cooking. Carrots contain about equal amounts of 
A and B, but are much poorer in autiscorbutic than the rutabaga. 
Beet-root is comparatively poor in all three vitamins. 

The leafy vegetables, spinach, cabbage, and lettuce, are exception- 
ally nch in A, spinach being the richest and lettuce the poorest of the 
three, and are also excellent sources of B and C. The same state- 
ment may be made of the tomato. These four vegetables arc com- 
monly regarded as luxuries rather than necessities, and are generally 
used chiefly to give variety to the menu. Our recently acquired 
knowledge of the vitamins indicates, however, that they should play 
a much more prominent part in our diets. McCollum has placed a 
great deal of emphasis on the value of the leafy vegetables which he 
classes along with milk as protective foods. He points out that while 
these vegetables might at first sight appear to be uneconomical foods, 
owing to their low content of carbohytlrnte, fat, and protein and high 
content of water, they have nevertheless a peculiar value owing to 
their high vitamin and mineral content and should be used as liber- 
ally as possible. 

tThe same argument may be advanced for the generous use of fruits. 
These are particularly valuable for their antiscorbutic properties, but 
most common fruits contain a small amount of B. Bananas contain 
Bomo A, but little or no B. 
Common varieties of edible nuts appear to be of little value as a 
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source of A, although walnuts are said to contain some of this factor. 
On the other hand, nuts in general appear to contain considerable 
quantities of B, Information is lacking as to their antiscorbutic 
value. 

Suggestions by Delf (Science Progress, 15. 601, 1921) are useful 
to dietitians when considering foods from the vitamin standpoint. 
If butter, milk or animal fats are scarce the quantity of lightly- 
cooked green vegetables and also carrots, or raw vegetables served 
as salads, should be increased. Fat fish such as herring, mackerel 
and salmon, if available, are recommended. Cod liver oil is espe- 
cially useful for children. Germinated pulses or cereals may replace 
fruits and vegetables when the latter are scarce. One-half pound of 
vegetables supplies the daily needs of a man doing full work. The 
juice of an orange or lemon, or a fairly large fresh tomato daily af- 
fords sufficient ^ntamin C for an adult. 

Yeast has been highly recommended as a source of vitamin B, but 
in order to be efficient it must be used liberally, the amount ordinarily 
used in bread-making being insignificant. Hawk ^*- recommends the 
use of flour containing 5 i>er cent of yeast powder for bread making, 
stating that the product is palatable and much more nutritious than 
ordinary bread, both the vitamin B and the protein of the white flour 
being supplemented by the yeast. Renshaw '^ has obtained some evi- 
dence indicating that yeast is effective in increasing the utilization 
of other foods.'" Excellent resulte have followed the therapeutic use 
of yeast in disorders of the blood, and so far no deleterious effects 
have been obser\'ed from its consumption on a liberal scale. On the 
other hand, where the diet can easily be regulated at will it is a 
simple matter to arrange palatable combinations of the ordinary foods 
which will supply an abundance of vitamins of all three classes with- 
out the addition of yeast. 

Evidence is not yet complete as to the amount of destruction under- 
gone by the three vitamins on heating. Certainly there is strong 
probability that more or less deterioration takes place at high temper- 
ature, and consequently that larger quantities of cooked foods will be 

*« Hawk, Smith and Bergeim, Am. J. Physiol. 56, 33, 1021. 

» Renshaw, Am. Naturalitft 45. 73, 1921. 

2" White mice were fed on a basal diet witli varying amounta of yeast. Th« 
diets prepared were: (a) casein 17.5%, starch 495%, lard 18%, butter 9%, 
salts 570, yeast 1%; (h) casein 16.5%, starch 48.5%, lard 18%, butter 
9%. salts 5%, yeast 3%; (c) casein 155%. starch 475%, lard 18%, butter 9%, 
salts 5%, yeast 6%. On diet (a) in unlimited amount the net loss of 12 mice 
in 13 days was 2.93 g. They were then fed dietefb) or (e) in limited amounts 
when the net gab was 14^ g. in 16 d4ys. 
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As has been rixrvn the deskraetioii iseressM rapidly with teoipera- 
tores above IW C. CoosequeDUy baked or fried foods may be ex- 
pected to be poorer in Titamiiis than btuled foods. On the other hand, 
espoiiire to a loir temperatore for a king period has been found more 
destructire to the antisoorbutic factor than a higher temperature for 
a sfaorter time. It 10 therefore desirable that foods which are relied 
tipon to furnish the vitamin C in the diet should be cooled as rapidly 
as possible, if they must be cooked at all. In several cases outbreaks 
of scurvy in military camps which occurred in spite of a daily ration 
of fresh vegetables have been traced to the fact that these vegetables 
had been subjected to long slow cooking or stewing which entirely 
destroyed their antiscorbutic value. Chick and Dalyell ' have re- 
ported an outbreak of scurvy which affected 40 children out of 64, 
between 6 and 14 years of age, who were xmder treatment for tuber- 
culosis. Fresh vegetables were supplied regularly in generous 
amouDt, but it is assumed that the long cooking to which they were 
subjected had destroyed the greater part of the vitamin present. 
They suggest ' that chopped cabbage and tomato be added to 
soup a sliort time before serving, in order to reduce the heating of 
these vegetables to a nunimum. Or, when fresh fruit or vegetables 
arc difficult to obtain, turnips and carrots might be grated and the 
juice set aside, adding the grated vegetable to the soup to cook for 
as long as necessary, but pouring in the juice just before the soup is 
served. Cabbage and cauliflower should be steamed instead of boiled, 
in order to retain the vitamin which would otherwise be lost in the 
water.** 

The Medical Research Commission • has pointed out in this connec- 
tion that food cooked in a fireless cooker will lose much more of its 
antiscorbutic factor than it would if cooked in the ordinary way. 
This is not necessarily an argument against the use of fireless cookers, 
however, nor against the eating of baked or roasted foods, but points 

> Chick and Dalyell, Brit. Med. J. 1920, 2, 546. 

« Chick and Dalyell. ZtAch. f. Kinderh. 26, 257, 1020. 

** Delf deplores the practice of ovcr-coolung or " keeping hot " so frequently 
employed by the housewife in preparing fruits and vegetables. These should 
b« heated only to an extent sufficient to sterilise and soften the tissues. (Science 
PragTMB 15. 001. 1031). 

• Rsport 38. 
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to the necessity of supplementing such food with some other source 
of C. 

The stabihty of the vitamina may vary considerably according to 
the source in which they occur, and, on the other hand, different foods 
differ as to the amount of heat necessary to ensure their preservation. 
It ia at present impossible therefore to make an entirely satisfactory 
general statement as to the vitamin content of canned and preserved 
foods. According to Steenbock and Boutwell, heating under pres- 
sure for three hours does not cause any noticeable destruction of A 
in com, chard, carrots, sweet potatoes or squash. McCoUum asserta 
that there is not the slightest danger of destroying this vitamin in any 
vegetables or fruits by the ordinary canning process. Delf, on the 
other hand, reports a serious amount of destruction of the A vitamin 
in cabbage after heating to 130° for two hours. 

Chick and Hume have stated emphatically that all canned and 
sterilized foods are likely to be deficient in B, and although a few ob- 
servations are not in accord with this^ it is wiser not to depend on 
such foods for our supply of antineuritic. 

It is the general concensus of opinion that the antiscorbutic factor 
b likely to be seriously depleted by heating for long periods or to a 
high temperature, and that canned goods cannot be depended upon 
to furnish this vitamin. Tomatoes are a marked exception to the 
general rule, however, canned tomatoes being still very satisfactory 
sources of the three \'itamin3. 

There is very little evidence as to the effect of drying on vitamin A, 
but it is probable that this factor will not be seriously injured by the 
drying process. B appears to be little if any affected by drying at 
moderate temperatures. There is considerable variation in the sta- 
bility of C in different foods, and a few dried foods retain some anti- 
scorbutic power, but it is usually considerably reduced, the deteriora- 
tion increasing on storage. The majority of fruit juices are rather 
exceptional in this respect, retaining their potency for months if dried 
imder suitable conditions. For the most part, then, dried foods may 
be expected to supply practically the same amount of B, and possibly 
as much A as the same foods when fresh, but are not to be relied upon 
for antiscorbutic. They may be used to give variety and palatability 
and have a certain amount of nutritive value, but they cannot take 
the place of fresh vegetables and fruits. 

From the point of view of economy it is doubtful whether the pres- 
ervation of vegetables by canning and drying is generally profitable. 
It is possible to obtain all the vitamins required from those vegetables 
which keep without deterioration throughout the winter montiis in 



VITAL FACTOfiS OF FOODS 

tfaiir BiltirAl state, socfa fts poUtors, tnniipa, carrots, parsnips, cab- 
b«^ and celery, and the winter fruits^ apples, oranges, lonons, and 
grape fruit. By restrictiDg ooreelves to these in the winter and eat- 
big the more perishable products only in sommer when they can be 
obtained young and fresh from the garden much fuel and labor would 
be saved without the sacrifice of any nutritional advantage. As 
already mentioned, however, tomatoes occupy an exceptional position, 
as Uicy arc preserved much more easily than the majority of vege- 
tables and retain their vitamin content practically unchanged. 

The probable future development of vitamin concentrates of uni- 
form reliable quality may make pos.«tible the enriclunent of our fa- 
vorite faoda by the addition of vitamins. Those favoring vegetable 
fats can have nuUbutter vitaminuGed. Some persons dislike milk and 
others refuse butter. Vitamin A could be administered through the 
addition of a concentrate to soups or other foods. The Jap rejects 
rice which is not white. If " off color " it does not satisfy his expeo- 
tations. But when his ankles swell and pains arc felt in the calves 
of the legs, due to incipient beriberi, he has learned to drop rice from 
the diet temporarily and to eat whole wheat. He does this most re- 
luotnntly and a means for cheaply adding vitamins to polished rice 
should be popular in Japan. 



CHAPTER XVin 



THE USE OF THE VITAMINS IW CLIKICAL MEDICINE 

TiiEiiE is comparatively little material available at present on the 
use of vitamins in clinical medicine. The whole subject is too new and 
too little understood to have had widespread application as yet. 
Nevertheless, certain extremely interesting and suggestive articles 
have appeared, in which those best fitted to apeak with authority on 
the question have urged upon physicians in general the necessity for 
greater attention to these factors^ 

It cannot be too strongly emphasized that the so-called " deficiency 
diseases " are not the only, or the most important, results of deficiency 
of vitamins. In the Han'ey Society Lecture, 1921, Hess* urges 
physicians to realize that a lack of these essential food factors gener- 
ally does not bring about typical pathological states, but obscure 
alterations of nutrition; ill-defined functional disabilities, which can- 
not be characterized or even recognized as disease and that it is such 
incomplete, larval forms of the deficiency disorders to which physiciana 
will have to address themselves. Further, Hess argues as to the 
probability that every organ or system in the body may be affected 
by faulty nutrition, so that the deficiency diseases must engage the 
attention of every physician, whatever his particular interest or spe- 
cialty. For example, involvement of the eyes may lead to impaired 
vision or night blindness, or, on the other hand, neuritis, cardiac en- 
largcmentj disturbances of the circulatory system, atrophic disorders 
of the skin, nails or hair, caries of the t^cth, or unaccountable lack of 
appetite and constipation may each in turn be the earliest symptom. 
A more careful inquiry into the dietary of patients will result in bring- 
ing to light many cases in which vague and ill-defined symptoms can 
be remedied simply by rendering the diet adequate. The chief clini- 
cal importance of disorders of nutrition seems to be associated with 
the fact that they bring about an abnormal condition of the tissues 

1 Hopkins. Barr, et al. British Med. J. 1916. 2, 147; McCarrison, Ind. J. 
Med. Res. 6, 275. lOlD; Chick and Dalyell, British Med. J. 1920, 2. 546; Heu, 
J. Am. Med. Assn. 76, 693, 1921. 

The growUi of tumors may be stimulated by accessory factors. From 
their experiments on yeast, Su^^ra and Benedict suggest that the favorable 
effect of radhim in such cases may be duo to the partial destruction of aece9* 
Bory substances (see Zunz, Scalpel, June 19, 1920; Physiol. Abstracts 5, 556). 

* Hesi, J. Am. Med. Ann. 76, 693, 1921. 
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butic taint " WAS foUoved by a widespread grip infectioo with hemor- 
rbape ^n mamfeststaonsr wfaidi dis^speaxed on the adnunistration 
of orange joioe. For some years Heas was tisoertain bow to interpret 
tbis peculiar clinical picture, wbetber to regard it as due to scurvy or 
to infection. As the result of sabseqnent experience be realised that 
H was due to both causes, the result of a primary nutritional disturb- 
ance and a secondary bacterial invasion. Another illustration of 
the inter-relationship of disordered nutrition and in i ection was 
fumiehed by the frequent coincidence of nasal diphtheiia and latent 
or subacute scurvy. This concurrence is so suggestive that when a 
large number of cases of nasal diphtheria develops, suspicion should 
be aroused that the infection is implanted on tissues rendered suscep- 
tible by scorbutic or other nutritional disorders. Tliis " nutritional- 
infectious " aspect has been convincingly illustrated on a large scale 
among the peoples of the Central Empires, who during the many years 
of the war suffered from various forms of malnutrition. The general 
impairment of health was most strikingly manifested both in adults 
and in children by the great spread of tuberculosis and its increased 
mortality. Davidsohn' has reported that in Berlin there was a 
marked increase in infection with tubercle bacilli in children imder 
the age of five years, and they had been infected earlier in life than 
formerly; whereas in 1913, 30 per cent gave positive reaction at four 
and one-half years, in 1919 this percentage was reached at two and 
one-half years. 

Reference has already been made to the observations of McCarri- 
son and others on the effect of vitamin deficiency on the various or- 
gans* and are in themselves highly suggestive. McCarrison states 
that his clinical experience leads him to believe that there are many 
minor maladies associated with deficiency of the accessory food sub- 
stances in the diet of children especially, or with incomplete assimila- 
tion of these factors, and remarks that the laboratory experience 
gained in animal experimentation with vitamins had been of no small 
measure of assistance in dealing with cases of bilious vomiting, acido- 
sis, mucous disease, and other metabolic disorders of childhood which 
were referred to him. 

The most common dietary faults among children of the well-to-do 
are considered by McCarrison •* to be a deficiency of vitamins and 



• Dayidiohn, Ztnh. f. Einderh. 21, 31». 1919. 
«• la&Mt 1931, I.. 343. 
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an excessive amount of carbohydrates with low salt content, especially 
calcium, when milk is overheated and vegetables are scanty. The 
effect* of such faulty foods as observed experimentally on monkeys 
have been: Congestion and hemorrhage in the wall of the stomach 
and intestine; atrophy of the myenteron; degenerative changes in 
Auerbach's plexus; dilations in various parts of the tract; increased 
tendency to intussusception; inflammations of the colon; bacterial in- 
fection; depressed functional activity of the intestinal glands. Con- 
tinued subsistence on such diets may lead to intestinal stasis par- 
ticularly in its effects on the neuromuscular control of the bowel. 
Secondarily there may arise disturbances in the endocrine organs, 
particularly the adrenal. 

In the early days of vitamin research Huessy reported* that 
orypan, a remedy prepared from rice husks," of which the principal 
constituent is probably vitamin B, was used with good results in the 
treatment of weakness and inanition of women. 

Hawk, Knowles^ Rehfuss, and Clarke * have published the results 
of an investigation into the Uierapeutic value of baker's yeast (Fleisch- 
man's), another substance which most probably owes its potency al- 
most entirely to its content of vitamin B. Their results are summed 
up aa follows: 

Number of ImprDved or 

Condition Casea Cured 

Furunculoeis 17 16 

Acne vulgaris 17 17 

Acne r(»&cea S 8 

Constipation 10 9 

Gastro-inteatin&l catarrfa 3 3 

Intestinal intoxioation 1 t 

Eczemas G 

Arihritia dcformana 1 1 

Psoriaaia 4 1 

Eiythema and urticaria 1 1 

Bronchitis 2 3 

ITrethritia 3 3 

Pruritus 1 1 

FoUiculitia 1 1 

Conjunotivilid 1 1 

Duodenal ulcer I 1 

Swollen glanda 1 1 

Totftla 76 66 

HucBsy. Munch. Med. Wocb. 61. 981, 1914. 
« See p. 123. 

Y Hawk, Knowlei, Rehfuas, and Clarke, J. Am. Med. Aasn. 60, Oct. 13, 
1917. 
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In 1901 Wildiers ' made the statement that yeast will not grow in 
a nutrient solution containing ammonium salts as the sole source of 
nitrogen if the amount of the inoculating material is small. If the 
amount of the latter is large, fermentation soon follows, presumably 
because an essential nutrient material is introduced through the 
death and autolysis of some of the cells. To this hypothetical nutrient 
Wildier gave the name " bios." As the knowledge of vitamins de- 
veloped, a general resemblance between the behavior of " bios " and 
vitamin B became apparent, so much so that the Belgian chemists 
who are studying " bios " have adopted many of the methods devised 
for the study of vitamin B,^ while, on the other hand, several American 
workers have endeavored to use the growth of the yeast plant in a 
suitable medium as a quantitative test for the presence of vitamin B. 
The methods employed and the quantitative results obtained are dis- 
cussed elsewhere. (See Ch. 11.) 

Leaving aside the question of the identity of " bios " with any of 
the known vitamins, a brief summary of the work done on the eCTect 
of vitamins, or imidentified vitamin-like factors, on yeasts, moulds, 
and bacteria follows. 

I Wildicra, La Cellule, z8, 313, 1901. Bee &Ibo Liebig, Ann. Chem. 153, I, 
137, 1S70; Paateur, Ann. Chem. pbys. 35, 145, 1872; Mayer, Ann. Physik. 142, 
Ser. 1, 293, 1871; N&geli, Chem. Zentr. X3, 46, 188; Amand. La Cell, ax, 320, 
19(M; Devloo, lb. 33* 361, 1900; Henry. Ann. brass, et dist. 1903, 129; Woch. 
brau. 19. 325, 1902. 

' Ide ob8er\'es that a distinction diould be made between two kinds of pro- 
liferattoD of yeast, one veiy slow without " bios " and one fast with " bios.'* 
To achieve rapid growth in which proliferation is increased 30 times a special 
" biosine," specific in its influence on the growth of yeaat, ia asserted by Ide to 
be necessary for he considers that none of the known organic substanoee de- 
scribed up to the present time has any comparable influence on yeast. For 
rapid growth, the yeast needs a large portion of its nitrogenous food in the fonn 
of biosine. As yet, no difference has been obeerved in the chemical properties 
of the water-eoluble B of Myera and Voegtlin and bioaine. But it cannot be 
stated yet with certainty that water-soluble B vitamin and " bios " are the same 
nibsUnce. 
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Bachmann/ Williams,* Swoboda," Eddy and Stevenson* and 
Funk and Dubin ' have all believed that the vitamin requirement of 
yeast is so definite that it may be made the basis of a quantitative 
test for the presence of vitamin B, although the lasUnamed authors] 
have now come to the concIusioD that the vitamin in question is not 
B but a new vitamin which they call D,* and Bachmann pointed out 
that anaerobic yeast could apparently develop successfully in a vita- 
min-free medium. 

Emmett and Stockholm," Whipple ^° and Eddy, Heft. Stevenson, 
and Johnson " agreed that vitamin preparations have a highly stimu- 
lating effect on the growth of yeast/* but doubted the applicability 
of the method for quantitative determinations, while Souza and Mc- 
Collum,^^ MacDonald and McCoUum,^' Fulmer, Nelson and Sher- 
wood '*^ deny that a supply of vitamins is essential for the 
gro^^lii of the yeast plant. As in so many other branches of vitamin 
research tlie results obtained in different laboratories seem directly 
contradictory, but it is probable that with further knowledge a com- 
promise is already suggested by the work of Funk and Dubin re- 
ferred to above, in which they believe they have secured conclusive 
evidence that the growth stimulant required by yeast is not B but 
another vitamin with many properties similar to those of Bf but quite 
distinct from it in others. (See p. 150 and fi.) 

That water soluble B is not an essential constituent of the medium 
for the growth of yeast but yeast is capable of synthesizing that 
vitamin is indicated by the observations of Nelson, Fulmer and 
Cessna." For growing the yeast a medium was used of the follow- 
ing compositions: 

• Bachmann, J. Bio). Cliem. 39, 235, 1919. 
« Williams, lb. S8, 465, 1919; 42, 259, 1920; 46, 113. 1921. 

• SwobcKla. lb. 44. 631, 1920. 

■ Eddy and Stevenson, Proc. Soc. Exp. Biol. Med. 17. 62, 1919. 
r Punk and Dubin, J. Biol. Chem. 44, 487, 1920; 48, 437, 1921. 
« See aUo Emmett and Stockholm, J. Biol. Chem. 43, 287, 1920. 

• Loc. ciL 

» Whipple, J. Biol. Chem. 44* 175, 1920. 
11 Eddy. Heft, Stevenson and Johnson, Jb. 47. 249, 1921. 
>> Seo also Euler and Pctteruon, Z. physiol. Chem. 114, 4, 1921. 
It Sotua and HcCollum, J. Biol. Chem. 44* 113, 1920. 
" MacDonald and McCoUom, Jb. 45. 307, 1920-21; 46, 625. 1921. 
!• Fulmer, Nelson and Sherwood, J. Am. Chem. Soc. 43, 186. 191, 1921. 
" J. Biol. Chem, 46, 77, 1921. 
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Potassium Phosphate 0.1 g. 

Calcium Carbonate 0.04 g. 

Calcium Chloride 0.1 g. 

Ammonium Chloride 0.188 g. 

Sucrose 10. g. 

Distilled water 100 c.c. 

The yeaat was plated from a Fleiflchmaan yeast cake. The yeaat was grown 
conttnuouBly in the above medium for a year. It was kfowd in SO cc. portions 
of the medium, 1 cc. of the culture being transferred every other day to 60 cc. 
of freah medium Uiua enormously diluting the original coostituentfl of the me- 
dium or of the yeast. It can be concluded that after such a procedure any B 
present in Uie yeast must have been eynthesised by the organism. Sufficient 
yeast was grown for feeding experimoits on rats whidh made rapid gains when 
2 per cent of the yeast grown on the synthetic medium was added to a ration 
iree from B and on which the rats had begun to decline rapidly .^^ 

Vitamins according to Lumi£re " are not necessary to the devel- 
opment of plants, which reach full growth in media of known chemi- 
cal composition. Extracts from substances rich in vitamins as dried 
raisins, aided development in media which were low in nutritive value, 
but their p!acc could be taken perfectly by appropriate addition of 
mineral salts. Penicilliimi glaucum, Aspergillus niger, and Rhizopua 
nigricans and Amanita muscaria were used in these observations. 

Willaman " has studied the metabolism of Sclerotinia cinerea, par- 
ticularly with regard to the function of vitamins, and offers some in- 
teresting conclusions. Sclerotinia cinerea, the brown rot fungus of 
peaches and plums, cannot grow on a medium made up of sucrose, 
salts and aspnragine. The addition to this medium of small amounts 
of plant decoctions, especially of the fruits of plums and peaches, 
induces growth. The experimental data reported in the paper show 
that the factor supplied by the plant decoctions is not one of mineral 
nitrogen or energy requirements but is of the nature of a vitamin. By 
means of absorption of fuller's earth, vitamin preparations were made 
from a large number of widely scattered sources, both plant and ani- 
mal; all of these preparations were active in promoting growth in 
Sclerotinia and a few of them promoted reproduction also. Experi- 
ments designed to show whether two separate vitamin factors are in- 

iT Results obtained by Fleming (J, Biol. Chem. 49, 119, 1921) are considered 
by l^inri to disprove any specific action of water-eoluble B in stimulation of yeast 
growth. The addition of organic nitrogen to the inorganic nitrogen of the cul- 
ture medium employed apparently is in part at least responsible for the stimu- 
lation of yeast growth. 

1* Ann, inst. Pasteur 35, 102, 1921. 

>> J. Am. Chem. 80c. 42. M9. 1920. 
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volved in the two phases, vegetation and reproduction, in the life hii 
tory of Sclerotinia, yielded some evidence favoring this view: (1) 
The reproductive element is absorbed by fuller's earth more readily 
in an alcohol and the vegetative element more readily in an aqueous 
medium; (2) some sources yield preparations which predominate 
in the vegetative factor, others yield preparations that promote both 
activities; (3) preparations which promote only vegetation on a 
normal medium have not been induced to promote reproduction by 
changes in the proportions of the nutneote in the medium, and prepa- 
rations that on normal media promote both activities have not been 
made to lose entirely the reproductive element, thus indicating that 
the influence of the nutrients in affecting the ratio of vegetation to 
reproduction is quantitative and not qualitative. On the other hand, 
the hypothesis of the existence of but a single vitamin for Sclerotinia 
is more plausible according to much of the experimental evidence. 
It is very probable that reproduction in the fungus is simply a differ- 
ent manifestation of the same activities as characterize vegetation. 
The single activity that is apparently most dependent on a vitamin 
supply is respiration. Respiration is conunon to all of the materials 
which have yielded the vitamin, and the degree of metabolic, and 
hence respiratory, activity in these materials is proportional to the 
activity of the vitamin prepared from them. Thus the evidence is 
accumulating in favor of the view that there is a close connection be- 
tween respiration in a cell and its \'itamin content, and also its vita- 
min requirement. Just which cells in the plant world can synthesiie 
this vitamin is still an open question. The Sclerotinia vitamin is pos- 
sibly identical with the water-soluble B of the higher animals, and 
since the latter cannot synthesize this vitamin it becomes important 
to know which plant organs can effect such a synthesis.*" 

A study of the effects of vitamins on the growth of Oidium lactia, 
made by Linossier,'* afforded yields of growth, in mg., with and witii- 
out the addition of vitamins to the medium respectively as follows: 
2nd day 550; 4th day 157;218; 6th day 318.334; 9th day 365,345. 

Goy " experimented with various fxmgi and bacilli and came to the 
conclusion that vitamins are not essential to the lower plant forms, but 
that the evolution of these is somewhat influenced by a nitrogen-free 
acid isolated in crystalline form from cultures of Mucor mucedo. The 
validity of this statement is questioned by Funk " on the ground that 
the substance actually isolated was entirely inactive. 

" Chem. Aba. 1920, 1700. 

" Compt rend. soc. biol. 8a, 3S1. 1919; dem. Abe. 1090, 343(. 

« Goy. C. r. 173, 242, I92I. 

*> Funk and Dubin, J. BioL C2iem. 48, 441. 1931. 
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Several investigators have reported on the necessity of vitamins for 
bacterial growth. Davis " found that the influenza bacillus requires 
for its nutrition a vitamin-like substance which is produced by a 
number of other bacteria and can be isolated from many animal and 
vegetable tissues.** Davis suggests that the rOle of the vitamins in 
the development of the bacilli is to render iron, calcium, phosphorus, 
iodine, and amino acids available for the metabolism of these or- 
ganisms.'* 

Lloyd " states that in the absence of vitamins, meningococcus fails 
to develop, owing to its inability to utilize the amino acids of pro- 
teins. The necessary vitamins can be obtained from the body fluids. 

Cole and Lloyd >' found vitamina, or some subetanoe of similar nature, 
neoeseary for the successful cultivation of gonococcus. 

In nasal secretion there is present some body which greatly accel- 
erates the growth of the meningococcus on an artificial culture me- 
dium. Alone it is incapable of acting as a food or stimulant to the 
growth of this organism. The body is soluble in water, less so in alco- 
hol and very insoluble in ether. It has great heat-resisting power, 
being able to resist prolonged boiling. Boiling in the presence of 
strong hydrochloric acid for twelve hours did not destroy the sub- 
stance. In addition to tlie meningococcus it also stimulates the growth 
of B typhosus, the pneumococcus, B coli communis, and other 
pathogenic organisms.** 

Pacini and Russell assert the presence of a growth-promoting sub- 
stances in cultures of typhoid bacilli.^" It has long been recognized 
that in certain infectious diseases, growth is induced apparently by 
the infection. In typhoid fever, for example, the patient may grow 
from one to even several inches in height. It is now shown that the 
fat and protein-free extract of typhoid bacilli contains a vitamin which 
when added to the food causes rapid growth of rats on a diet on which 
otherwise they gradually lose weight and die. The extract gives the 
blue color with Folin's uric acid regeant which is given by vitamin- 
containing extracts prepared from yeast and other sources. Pacini 

3« Davis, J. Infect. Dis. ax, 392, 1917; 23, 248. 1918; J. Am. Med. Aasn. 77, 
B83, 1921. 

" See also Fildea, Brit. J. Eiper. Path. 3, 16, 1921; Thjotta and Avery, 
J. Exp. Med. 34, 97, 1921; Rivers, Bull. Johns Hopkins Hosp. 3a» 202, 1921. 

IS Davis, loc. cit., also J. Infect. Dis. 4. 73, 1907. 

*' Lloyd, J. Path. Bact. 21, 113, 1916. 

" Cole and Lloyd. lb. ai, 267, 1916. 

'* Shearer, Lancet 1917, 1, 59. The presence of an accessory food factor in 
the nasal secretion and its action on the growth of the meningococcus and other 
pathogenic bacteria. (Preliminary paper). 

» Pacini and Rossell. J. Biol. Chem. 34, 43, 1918. 
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and Wrigjit indicate the beanng of these results od Uie question of 
a more acieotific method of feeding in these cases. 

A study of vitamins utiliaable in the culture of bacteria, especially 
with respect to the bacillus of influenaa (B. de Pfeiffer), has been 
made by Agulhon and Legroux.** The favoring action of blood, 
serum, ascitic fluid, etc., upon bacterial cultures is accounted for by 
the presence of vitamins of growth in these liquids and not by the 
introduction of intact albumin into the cultures. To prepare extracts 
of blood rich in vitamins the defibrinated blood was precipitated with 
four volumes of absolute alcohol which was allowed to remain in con- 
tact 30 minutes and then removed by the centrifuge or filter. The 
precipitate was taken up with a volume of physiological saline solu- 
tion equal to that of tlie alcohol used> allowed contact for one hour 
with agitation, then filtered or centrifuged. These operations were 
made aseptically or the solution was passed through the Chamberland 
F bougie. The solution thus obtained was nearly colorless and was 
rich in vitamins. In a second method the defibrinated blood was 
treated with four volumes physiological saline solution, heated 15 
minutes on the water bath at 80° with frequent agitation, and filtered 
or centrifuged as in the first method. Solutions of vitamins obtained 
by cither of these methods, when added to the usual culture media in 
amounts of 5 to 10 per cent, promote the growth of B. de Pfeififer. 
Even a one p>er cent solution showed positive results. Experiments 
seemed to prove that the vitamins arc fixed in the cells and a destruc- 
tion of these elements by alcohol, heat or otherwise, sets them free 
in the aqueous liquid. They are probably insoluble in alcohol. A 
oold alcoholic extract of freshly washed cells was inactive but when 
made at 80" was slightly active. Cold or warm acetone extracts were 
inactive. Heating at 80° in the presence of alcohol or acetone fol- 
lowed by desiccation at a lower temperature did not destroy the vita- 
mins, as they could be extracted with water from the powders thus 
obt^iined. Aqueous solutions of %'itanuD8 loee a part of their activity 
by heating 15 minutes at 90°. This activity is more persistent if the 
vitanuns ara in a gelose mediiun. when a decrease is noiMl «i 100^ 
and total disappearance at 120^." 

McLeod and Wyon " attempted to invQaUgOe the relatioos be- 
twMfk vHamins and bacterial growth, viib a rinr to Um vee of 
ae an index of the preseDce <^ ^nkutSmu thm maiimm mtd «m 
phosphate agar, to which v«rkns celnete ud dMnkal sttfastoaoas 
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were added. Especially striking results were obtained with kidney 
extract, minute amounts of which were effective in a manner sug- 
gestive of vitamin activity. A comparison of the chemical and physi- 
cal properties of the staphylococcus-stimulant from yeast with those 
of vitamin B revealed serious discrepancies."* The growth-promoting 
power of fresh blood or serum does not bear any definite ration to 
the known vitamin content. Heating a serum partially destroys ita 
growth-promoting power for the pneumococcus but not for the 
meningococcus. 

M See alBO Funk and Dubln, J. Biol. Chem. 48, 438» 1921. 
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Acid, stability of B towards, 118, 154 
Acid, thermostability of C in presence 
* of. 102 (footnote), 134, 135 
Acidity of diet, effect on growth, 48 
Acidosis a factor in rickets, 193, 194 
Acidosis a result of lack of B, 172 
Acidosis, relation of vitamin deficiency 

to, 310 
Acne rosacea^ effect of yeast on, 311 
Acne vulgaris, effect of yeast on, 311 
Activated fuller's earth, 141, 154 
Activated fuller's earth, growth-pro- 
moting and antineuritic power com- 
pared, 154 
Adenine, antineuritic properties of, 

127, 182 
Adrenaline, effect of lack of B on pro- 

duction of, 171 
Adrenaline, ^ect of lack of C on pro- 
duction of, 177 
Adrenalin, production in polyneuritis, 

207 
Adrenaline, relation to oedema, 170 
Adrenals, effect of lack of vitamins on, 
171, 172, 173, 177, 181, 228 (footnote) 
Adrenals, enlargement of in poly- 
neuritic, 170, 207 
Advitants, 4 
Aeration, effect on ^ in butter-fat, 

90, 91 
Aeration, effect on A in oils, 90 
Aeration of milk during pasteurisation, 
effect on nutritive properties, 235 
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Aeration, stability d C toward, 1(X), 

103, 104 
Aen>bic and anaerobic yeasta, vitamin 

requirements of^ 36 
Agar an ingredient of experimental 

diets, 8, 14, 22 
Age, variation of nutritive value of 

vegetables with, 101 
Age, variation of vitamin require* 

ments with, 175 
Aging of milk, deleterious effect of, 

284, 295 
Albumin, bacterial growth^timulant in, 

160 
Albumin in heated milk, precipitation 

of, 281 
Albumoees, 128 

Alcohol as solvent for A in plant tis- 
sues, 136 
Alcohol, fractionation of acetic acid 

solution of B by, 115, 116 
Alcohol, methyl, solubility of B in, 116 
Alcohol, solubihty of £ in, 115, 116, 

117, 153 
Aleurone layer of cereal grains, B in, 78 
Alfalfa as source of A ,72, 73, 136 
Alfalfa, dried, as source of A, 137 
Alfalfa, content of B in, 81 
Alfalfa, extraction of A from by ether, 

111, 112 
Alfalfa flour, 52 

Alfalfa, thermoatabiiity of A in, 92 
Algae, synthesis of A by, 77 
.Ukaii, stability of A toward, 90 
Alkali, stability of B toward, 96, 119, 

120. 154 
Alkali, stability of C toward, 133, 134 
Alkali, use in isolation of B, 120, 124 
Alimentary products rich in B, pre- 
paration of, 142 
Atlantoin, 122 
Allantoine, antineuritic properties of, 

127, 182 
Almond, content of A in, 74 
Aluminum silicate (Lloyd's reagent) as 

absorbent of vitamin B, 118 
Amanita muscaria, relation of vitamins 

to growth of, 315 
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Ainenoirheaf 174 

Aminu-Acidi}, xi, 2, 54 

Ammo acidfl a limiting factor in growth, 

54 
Amino acida, importanoe in nuthtioDf 

207, 268 
Amino acid» in the leaf, £2 
Ammo acids m tubem, M 
Amino acitls of bnrlpy protelna, 55 
Amino acids of maize protein* 55 
Amino acidn of milk proteina, 266 
Amino acidft uf uat prot«in, 55 
Amino acids of riw proteins, 55 
Amino acidA, relative importance of, 

257, 258, 259 
Amino acidn, stimulating effect on yeast 

growth, 42 
Anitemiji, deficiency of vitamins a 

factor in, 168, 169, 173, 174 
Anaerobic yeasta, vitamin requirements 

of, 36, 187 
Animal as compared with v^ietable 

protein, biological value of, 258 
Animal fats, antirachitic value of, 

197, 198 
Animal fata, Rtobiltty towards alkali 

of A in, 1 13 
Anim&l foods, antiscorbutic value of, 232 
Animal husbandry, food value of various 

proteins in, 265 
Animal products, antiscorbutic value of, 

80 
Animal products, content of B in, 82 
Animal tissues, dried, content uf A in, 

91, 92 
Animals susceptible to beriberi, 207, 2()H 
Antineuritic and growth-promoting fac- 
tors, comparison of thermostability of, 

154 and ff 
Antineuritic as distinct from growth- 
promoting factor, 150 and ff 
Antineuritic factor as nervo stimulant, 

182, 183 
Antineuritic foods, 215 
Antineuritic projicrtieft of adenine, 127 
Antineuritic properties of allantoin, 127 
Antineuritic properties of betaine, 127 
Antineuritic properties of choline-like 

bases from rice, 127 
Antineuritic properties of cinchonine, 128 
Antineuritic properties of hydroxy- 

niootinio acid, 128 
Antineuritic pro[>crtieJi of isomeric 

hydroxy-pyridines, 128, 129 
Antineuritic properties of mcotiuio acid, 

127 



Antineuritic propertiea of prrimkliiiesi, 
127 

Antineuritic properties of pyriimdine 
derivatives, 127, 128 

Antineuritic properiiea of purine-tike 
bases from rice, 127 

Antineuritic properties of quinine, 128 

Antineuritic properties of tethelin, 128 

Antineuritic properties of trifaydroxy 
pyridines, 138 

Antineuritic requirement^ effect of esibo- 
hydrate on, 179, 180 

Antineuritic substances, prqiaration of 
crystalline, 121 and ff 

Antineuritic value of certain food- 
stuffs, table of comparative, 82 

Antineuritic vitamins, two, 213 

Antirachitic factor. 168, 170, 194, 
(footnote), 196 and ff 

Antisct^utic foods for infants, 298 

Antiscorbutic requirements of different 
species, 166 

Antiscorbutic value as affected by pre- 
servation of foods, 99 

Antiscorbutic value of foodstuff en- 
hanced by presence of A, 99, 100 

Antiscorbutic value of milk, 277 

Antiscorbutic vitamin, quantitative de- 
termination of, 33 

Apples, content of vitamin B in, 83, 
171 (footnote) 

Appetite a factor in nutrition experi- 
ments, 7 

Appetite and growth, relation between, 
175, 176 

Appetite, effect of A on, 167 

Appetite, effect of B on, 175, 176 

Appetite-promoting factor, 177 

Appetite, relation of growth to, 10 

Appetite, ration of vitamins to, 309 

Argenine, 259 

Arthritis deformans, effect of yeast on, 
311 

Aspergillua nlger, relation of vitamins 
to growth of, 315 

Assimilation, effect of lack of B on, 
171. 172 

Atoxyl. 242 (footnote) 

Asthenia, lock of vitamins, a cause of, 173 

Atrophic disorders, lack of vitaminSi a 
cause of, 309 

Atrophy of rayenteron, relation of 
vitamin deficiency to, 311 

Atropine, 183 

Atropine, inhibition of ghiudular se- 
cretion by, 184 
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Auerbacb's plexus, relation of vitamin 
deficiency to degeneration of, 311 

Autoclave, temiwrature of, I$9 

Autoclaved milk as constituent of 
scorbutic diet, 104 

Autolyzed yeast, autineuritio value of, 
77 

Avitamiuoma iu children, 292 and ET 

Bacillus coli, 160 

Bacillua do PfeifTer, 317, 318 

Bacillus influenza, 160 

Bacillus paralyiihosus B, iCO 

Badllus subtiliH, 160 

BacilluB typhosus, 160 

Bai>terin vitamin rcquiromcnta of, 317, 

318 
Bacteria, aynthcsis of B by, 160, 161 
Bacterial growth, relation of vitamins 

to, 160, 161 
Bacterial growth-etimulant, 160, 161 
Bacterial infection in scurvy, 224, 225 
Bacterial infection in peUagra, 247, 24S 
Balanced diet, necessity for, 240 
Balancing of rations, 32 
Bananaj content of A in, 74 
Banana, content o( B ia, S2 
Banana, content of C in, S3 
Banana flour, preparation of, 107 
Barley, antineuritic and growth-pro- 
moting power compared, 152 
Barley, antineuritic value of, 21J5 
Barley, a constituent of antiscorbutic 

ration, 83 
Barley protein, amino acids of, 55 
Barley protein in the diet, 51 
Barley, thermostability of £ in, 95 
Barlow's disease, 219, 220 
Basal diets deficient in A, 168 
BaHal diet.}), faulty character in early 

work, '16 
Boaal diets, 44, 57 and ff 
Basal diets, preparation of, 44 
Basali diets, purihcaLion of ingredienta 

in, 67 
Basal diets, salt mixtures used in, 59 

and ff 
Basal metabolism^ xiii 
Base content of diet, limits of, 4S 
Basic character of ^, 130 
Beans, alcohol extraction of B from, 

116, 117 
Beans as antineuritic, 205 
Beans as antiscorbutics, 232 
Beans, bioloRical value of protein of, 258 
Beans, content of B in, 77, 205 



Beoits, cooked, deficiency in B, 116 
Beans, cooked, retention of B by, ltd 
Beans, dried, antiscorbutic value of, 83 
Beans, Georgia velvet, content of il in, 

73, 74 (footnote) 
Bean, Georgia velvet, content of B in, 

74 (footnote) 
Bean, Georgia velvet, thermostability 

of A in, 92 
Bean, injurious effect on rat, 40 
Bcun Katjangidjo, thermostability of B 

in, 04 
Beans, effect of alkali on B in, 120 
Beans, navy, effect of cooking with 

sodium bicarbonate on B in, 120 
Beans, nav>*, thermostability of B in, 

95, 90, 98 
Bean protein, biological value of, 49, 51 
Beans, soy, thermostability of B in, 98 
Beans, string, content of C in, 85 
Beans, string, canned, content of C in, 85 
Beans, string, thermos tabihty of V in, 

100 
Beans, string, variation in antiscorbutic 

value of, 84 
Beef, content of vitamin B in, U9 
Beef, dried, antiscorbutic value of, 109 
Beef fat, content of A in, 07, 71 
Beef, heated, beriberi produced by diet 

of, 208 
Beef infusion, bacterial growth-stimulant 

in, 160 
Beef muscle, antineuritic value of, 82 
Beef, thennostabiUty of B in, 97 
Beer, antiscorbutic value of, 84 
Beet sugar, content of A in, 73, 75 
Beet sugar, content of B in, 82 
Beets, general nutritive character of, 53 
Beets, content of B in, 81 
Beets, content of C in, 85 
Benxene as solvent for A lo plant tis- 
sues, 130 
Benzene, solubility of A in, 111, 112 
Benaenc, solubility of B in, 117, 153 
Beri-beri, 3, 12, 13, 201 and ff 
Beriberi, abnormal phosporic acid con- 
tent of urine in, 211 
Beriberi among Philippine scouts, 205 
Beriberi and scurvy, clinical link be- 
tween, 218, 219, 220 
Beriben, animals susceptible to, 207, 208 
Beriberi, areas of infection in Africa, 209 
Beriberi, autolyEed yeast as preventive 

of, 77 
Beriberi, chronic and acute, 208, 209 
Beriberi, dietary hypothesis, 214 
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BcAeri, oaOmfc M ESMhatk, N J, 206 
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Beriberi p t wf wp uwl ka to^ 301, 300, 20ft 
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endoflperm, 78 
Beriben, study id J^aneee navy of, 

302, 203 
Beriberi, lymptoizifl of, 200, 307 
Beriberi, theoriea of origin, 203, 20ft, 

300^ 210, 211, 212 
Beriberi toxin, 210, 211 
Beriberi, w«t, 206, 207, 213 
Betainc, 125 
Betaine, antineuntic properties of, 127, 

182 
Bowmoff test for C, 135 
Bifiary insufficiency, relation of vitamina 

to, 173 
BOe, Btimulalion of flow of by B, 186 
bilioua vomiting, relation of vitamin 

deficiency to, 310 
Biological unalyBiB of foods, ftO 
Biological value of cereal and legume 

mixiurcfl, 60 
Biological value of proteins, 267, 268, 360 
Biologic values of proteins, 268, 364, 

265, 206, 267 
BioB, 43, 313 
Bios, relation of B to, 313 
Bioeine, 313 (footnote) 
Bladder, effect of lack of C on, 177 
Blindnemt la calves from lack of vitamin, 

105 
Blood count of raU deprived of X, 

108 
Blood, effect of lack of £r on nitrogen of, 

17ft 
Blood, effect of vitamin deficiency in red 

oeOs of, 168, 17ft 
Blood, effect of lack of B on total solids 

in, 174 
Blood, effect of lack of B on uroa in, 17ft 



mooi, pnimpam&m to beriberi doe to 
Bind fRHBib iAeet of ritamin extracts 

Bdkd bA, dvaCAility of. 279 
Boikd uaik, BBtritzre valne of, 378, 

381, 383 
Bolfied 6oiir a caoK of beriberi, 206 
BoMi; effect of lack of A oo. 160, 170, 

177 
BnM, effect of lack of fi on, ITS 
Bones, cOect of lack of C on. 178, 321, 

223 
Bones, effect of vitamins on calctfica- 

tioaof, 177 
Booeo, racfaitic^ike denngements of, 190 
Bowel, effect of tack of B on, 173 
Brain, content of A in, 91, 92 
Brain, content of B in, 83, 117, 152 
Brain, effect of lack of B on, 171^ 173 
Bnin, gnnrth-f)nMiioting and antineu- 

ritio power compared, 152 
Bran, content of A in, 74 
Bran, content of B in, 74, 78 
Bran, rice, content of B in, 78 
Bran, wheat, cootent of B in, 7S, 82 
BrazU nut, content of A in, 74 
Breakfast foods, vit^miin deficiency of, 80 
Bread, nutritive properties of soda bis- 
cuit compared with, 120 
Bread, white, in beriberi producing 

diets, 205 
Brea8t-fed children, high mortality of 
ortificiaUy-fed us compared with, 2&0 
Breast-feoding, relation of rickets to, 193 
Breast milk of pellagnns, 246 
Breast milk, vitamin deficiency in, 293, 

294 
Breeding titock, necessity of selection 

of, 28, 20 
Brewers yeast, 14 

Bronchitis, effect of yeast on, 311 
Butter a protection agaioat oedema, 170 
ButtcrasBOurceof ^1,66, 67, 74, 91,301 
Butter fat an ingredient of experiment&l 

diets, 3, 8. 12, 14, 16 
Butter fat. antineuritic value of, 14 
Butter fat as supplement to wheat 

kernel, 47 
Butter fat, oentrifugcd, nitrogen content 

of, IH 
Butter fat, centrifuged, phosphorus con- 

tent uf, 114 
Butter fat, content of A in, 66, 07 
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Butter fat, extractioD of A from by 

ether, 111 
Butter fat in diet, 173 
Butter fat, therznoetability of A in, 

90, 91 
Butter fat, yariaiion in quantity of A 

present in heated, 9t 
Butter, influence of storage on vitamin 

content of, 74 
Butter-making, influence of method on 

TitAmin content of product, 74 
Butter oi] as source of ;4, 136 
Butter oil, deterioration of A on keeping, 

90 
Butter oil, phosphorus content of, 114 
Butter pigment, relation to content of 

A, 75 
Butter, seasonal variation of content of 

A in, 74 

Cabbage, content of A in, 73, 136 
Cabbage, content of B in, 81 
Cabbage, antiscorbutic value of, 85, 232 
Cabbage, dried, antiscorbutic value of, 

100 
Cabbage, dried, content of j4 in, 73 
Cabbage, dried, content of B in, 81 
Cabbage, dried, thermostability of C in, 

lOO 
Cabbage, effect of alkali on B in, 120 
Cabbage, efTect of storing on antiscor- 
butic value of, 105, 106 
Cabbage juice, thermostability of C in, 

100 
Cabbage, thermostability of 4 in, 02 
Cabbage, thermostrtbility of B in, 96, 98 
Cabbage, thermostability of C in, 99, 

100, 185 
Cages for r«t8, types of, 21, 22, 23 
Calcium content of milk, effect of heat 

on, 281, 282, 283 
Calcium deficiency a factor in rickets, 

193, 195, 197, 199 
Calcium depreciation a factor in pel- 
lagra, 245, 247 
Calcium, importance in nutrition* 311 
Calcium in dried milk, 287 
Calcium in milk, effect of vitamin-free 

diet on, 274 
Calcium, effect of cod-liver oU on reten- 
tion of, 177, 178 
Calcium lactate In basal diet, 103 
Calcium metabolism in scurvy, 22$, 

229 
Calcium metabolism, relation of vita- 
mins to, 177 



Calcification of bones, effect of ood- 

livcr oil on, 177 
Calcification of bones and teeth, relation 

of vitamins to, 177 
Calorie, xi 
Calorie theory, 1 
Calorific value of food, xii 
Calorimeter, xi 

Calves, beriberi-like symptoms in, 165 
Calves, effect of lack of vitamins on, 165 
Calves, feeding experiments with, 165, 

278, 283 
Canned carrota, antiscorbutic value of, 

101 
Canned foods, content oS B 'm, 98 
Canned meata, antiscorbutic value of, 87 
Canned spinach, variation in content of 

C in, 85 
Canned string beans, content of C in, 85 
Canning, antiscorbutic value of foods 

affected by, 99 
Canning, effect on content of ^ in 

fruits and vegetables, 93, 94 
Canning, effect on vitamin content of 

foods, 93, 94, 99, 307 
Carbohydrates, ix, x 
Carbohydrates, abnormal hydroIyaiB of, 

a cause of beriberi, 211 
Carbohydrates, absorption of, x 
Carbohydrates, digestion of, x 
Carbohydrates a factor in pellagra, 247 
Carbohydrate metabolism, relation of 
vitamins to, 162 (footnote), 172, 173, 
179, 180, 211, 311 
Carbon bimilphide, solubility of A in. 111 
Cardiac enlargement, relation of vita- 
mins to, 309 
Cardio-Tcepiratory phenomena in scurvy 

218, 219 
Carotin, association with At 76, 113 
Carotin content of ewe-milk fat, 115 
Carotin-free basal rations, 115 
Carotin in ewe-niilk fat, 77 
Carotin in pork liver, 77 
Carotinoid-free diet, growth and re- 
production on, 115 
Carotinoid-free eggs, feeding experi- 
ments with, 77, 115 
Carotinoid-free egg yolk as source of 

A, 77 
CarotLQoids, association with A, 76, 115 
Carotinoids in pork liver, 76 , 
Carotinoid-pigment, relation to vitamin 

A, 115 
Carrota, canned, antiscorbutic value of, 
101 
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dk«^ 7, 10. 12, U. 1&, 57 
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Omhii ■■ mppifi agit to phcAt ptoteiiia 

47,49 
rumiu, ImcCsiU yiiBlli iitiwriiiH> 160 
r^Tin, biokgie T»hie of. 100 
Owein, effect of beat on (see rtwinngii) 
OMenip natritiTe efficiency of, 56 
CWwjn, pnriBcation of, 57, 58. 280, 381 
OMein. remedkl effect in pdk^m, 2S0 
Caaeia. sulphur oontent of. 280 
Gueinoffen. 262. 283 
f^w^iiiHl II, effect of beat on. 280, 281 
"rtlh** in tiMuee, reduction of, in 

polyneontii, 187 
Oatakse, pcoduetioo of etimuUted by 

B, 187 
Gatatysts.5 

Catalyats, vit&mms u, S, 185 
Catalyzer, nickel, uaed in hydroReDation 

a factor in destruction of vitamins, 1 13 
GatA, feeding exiienmenu with, 18, 119. 

194, 196 (footnote), 216 (footnote) 
Cata. polyneuritis in, 119, 207 
Celiac diwaae doe to lack of vitamiDS. 

172 
Central nenroua system, effect of lack 

of vitamins on, 171, 172 
Cereal diet, xerophthalmia resulting from 

restriction to. 235 
CePBttl germ, content of B in, 78, 79 
Cereal grains, dry, content of C in, 83 
Cereal grains, relative values of proteins 

in, 55 
Cereals, sprouted, antiscorbutic value 

of, 232 
CerMls. sprouted, thermostability of C 

in, 100 
Cerealfl, vitamin index of, 132 
Cerebellar symptoms in avian poly- 



Oiard. eoAtcBt of ^ in, 72 
CWrd, limiiMliliili^ of j1 in, 03 
fV—i, fitamm eontant of. 302 
TVmii«I | «o|wr ti a» of B. 130, 131 
Chawed stnKtvre of vitunios. 128. 129 
CkscksBi. cDmimBUa with cuotinoid- 

frae Aet for. 70 

B M tiili re requiremetils of, 21 
, ^ynliieais of ritamina by. 167, 

221 
ChiAena^ vitality influenced by vitamin 

eantCBt cf moiber's diet, 88 
Otifkpnw, xenphllialmia in. 235 
Oifldmi's diwaiwa, relation to vitamin 

dtficieory, 172, 292. 310, tl 
OiinM*, beHberi among. 201 
Chlorine metabolism in acunry. 228 
ClUorafann, solubility of ^ in. 111 
Chloro fo r m , solubility of fi in from 

horaeflesfa in. 117 
Chlorosia, deficiency of vitamins a factor 

in. 174 
Cbooolate y^st. 148 
Cboof^te, vitamin. 148 
Cholesterol, 7, 8, 15, 113 
Choline, 122, 123, 183 
Choline-likc bases from rice, anti- 

neuritic propcrtiea of, 127 
Chronic polyneuritis, 208 
Cider, antiscorbutic value of, S3, ^9, 

230 
Cinchonine, antineuritic properties of. 

128 
Circulatory disturbances in latent 

scurvy, 218, 219 
Circulatory disturbances, relation of 

vitamins to, 309 
Citnuinic acid, 128 
Citric acid, effect on thermostability of 

C, 100, 134, 135 
Citrus juices, minimum anUscorbutic 

doec for guinea-pig, 232 
Clover, content of A in, 72, 73, 136 
Clover, content of B in, 81 
Clover, dried, as source of A, 137 
Cochlearia officinalis, 232 
Cod liver oil, effect on calcification of 

bonc«, 17?, 195 
Cod liver oil, remedial effect in ricketa, 

194, 195, 198, 199 
Cod liver oil, thermostability of >1 in. 00 
Cod liver oil, vitamin content of . 68, 69 
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Cooking of vegetables, effect of acids and ^^H 


inflammation of, 311 


alkalis in, 134, 135 ^^1 


Colon, eflfect of lack of B in, 173 


Com, biological value of protein of, 258 ^^^| 


Colostrum, content of .4 in, 74 


Com embryo, antineuritic properties of, ^^^H 


Commercial vitamin preparations, 147, 


^^H 


148, 149 


Com endosperm, antineuritic value of, ^^^| 


Complex of A existing in plant tissues. 


^^M 


111 


Cora gluten, lactalbumin as supplement ^^^| 


Compound lard, 114 


to, 268 ^^H 


Concentration of B from animal tissue, 


Com in antiscorbutic ration, 83 ^^^| 


method of VopRtJin, 138 


Com, kaffir, in antitucorbutic ration, 83 ^^^| 


Concentration of B, method of Funk, 


Com meal, ether extraction of A from, ^^^H 


139 


^^M 


Concentration of B, method of Gams, 


Com meal, nutritive deficiency of, 47 ^^^| 


140, 141 


Com, milk-producing value of, 265 ^^^H 


Concen tra tion of B from pancreatic 


Com oil, rclati(m between color and ^^^| 


extract, 141, 142 


content of v4, 76 ^^^| 


Concentration of B, method of Fraenkel 


Com protein, nutritive value of, 47, 258 ^^^| 


and Schwars, 142 


Com, variation in craitent of A in, 75 ^^^| 


Concentration of B from wheat Berm, 


Com, vitamin index of, 80 ^^^| 


142, 143 


Com, white, content of A in, 75 ^^^H 


Concentration of B, method of Boeshard 


Com, yellow, thermostability of A in, 92 ^^^H 


and Hefti, 137, 138 


Com, yellow, content of A in, 75 ^^^H 


Concentration of C from fruit juices, 


Correlation of vitamin content with ^^^| 


143 and S 


function, 74, 75 ^^^| 
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Cortex, adrenal* degenerative changes ^^^| 


McClendon's method, 146, 147 
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Cottonseed oil, relation between color ^^^| 


104, 165 (footnote) 
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Condensed milk in infant feeding, 295 


Cotton seed, toxicity of, 32 ^^^H 


Condensed milk, nutritive value of, 282, 
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283, 286 


of milk, 165 ^^M 


Condiments, 6 


Cows, feeding experiments with, 274, 275 ^^^| 


Congestion, intestinal, relation of vita- 


Creatinine in milk, 262 ^^^| 


min deficiency to, 173, 311 


Crcatinuria on diets deficient in B, 180 ^^^| 


Conjunctivitis, 234 and ff (See also 


Crisco in basal diet, 237 ^^^| 


Xerophthalmia) 


Critirt.'<m uf vitamin research, 'M ^^^H 


Conjunctivitis, effect of yeast on, 311 


Crystalline preparations of antineuritio ^^^H 


Constipation, efre<*t of yeast cm, 311 


substances, 121 and ff ^^^| 


Constipation, relation of scurvy to, 


CururbitouH vegetables, thermostability ^^^H 


226, 227 


of A in, 92 ^^H 


Constipation, relation of vitamins to, 


Curd of mUk, 263 ^^B 


309 


Curve, time, of destruction of Cin tomato ^^^| 


Consumption of food cm deficient diets, 


juice, 102 ^^H 


175 


"C-Y/' 148 ^^M 


Control diets, 22 


Cyclic compounds, influence of vitamins ^^^| 


Convicts, feeding experimenls to produce 


in syntheses of, 187 ^^^| 


beriberi in, 303, 204 


"Cyclokeiasee," 187 ^^M 


Cooked food, necessary data in experi- 


C^'stine, xi, 54 ^^^| 


ments with, S9 


Cystine as supplement to caAcin, 54, 2€6 ^^^| 


Cooking, effect on antiscorbutic value 


Cystine as supplement to lactalbumin, ^^^H 


of food, 232 


^^M 


Cooking, effect on antiscorbutic value 


^^^M 


of potatoes. 103 


Dairy products in the diet, dispensability ^^^| 


Cooking, effect on vitamin content of 


^^H 


foods, 306. 307 


Dairy products in experimental diets, 114 ^^^| 
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^^H Dandelion leaves, effect of drying on 


167, 177, 178, 196, 197, 108, 199, 200, ■ 


^^B antwcorbutic value of, 105 


263 ■ 


^^H Dandelion Icavca, thcrmofrtability of C 


Dop, polj'neuritis in, 207 H 


^H in, 135 


Domestication theory of rickets, 196 V 


^^1 DasbecQ, content of A in, 73, 75 


Dosage of vitamins, methods of deter- H 


^^M Daabeen, content of B in. 82 


mining minimum, 34 H 


^^1 Demineralisation of orgauism in pellagra, 


Dosage of vitamins, standardiaation of, H 


^M 245, 246 


131 ™ 


^^1 Demincralizalion of organism on scor- 


Doves, scnsitivcnea to lack of B, 143 


^H butic diet, 228, 229 


(footnote) 


^^M Deficiency diseases in breast-fed ohil- 


"Dry" beriberi, 206 


^H dren, 293 


Dried grasses as source of j4, 137 


^^m Deficiency of A, symptoms of, 167 


Dried milk, antiscorbutic value of, 104 


^H and ff 


Dried milk, in infant feeding, 295 


^^M Dehydration an unprofitable method of 


Dried milk, McClendon's preparation 


^^B preserving veRcLables, 106 


of, 147 


^^M Dehydration of foods by vacuum process, 


Dried milk, nutritive value of, 286 and 


^^M advantage of, 107 


ff (See aI<«o Milk powder) 


^^B Desiccation, See Drying 


Dried plant products as source of .4, 137 


^^M Destruction of aittiacorbutic vitamin by 


Dried potato, nutritive deficiencies of, 53 


^H heat, factore inflticneing, 107, 108, 109 


Drier for concentration of vitamins. 


^^1 Dextrin in bnsnl diets, 57 


McClendon's, 144, 145, 146 


^H Dialysis of B, 117, 134 


Drying, destruction of C in beef by, 109 


^H Dialysis of C, 132, 134 


Drying destruction of C in cabbage bv, 


^^M Diet, antineuritic, 215 


100 


^^M Diet influencing vitamin content of milk, 


Drying, destruction of C in potatoes by, 


^H 74, 82 


107 


^^M Diet, modified, for prevention of beri- 


Drying, effect on antiscorbutic value of 


^^M beri in Japanese navy, 203 


foods, 90, 105 and ff 


^^M Diet, neurilic, used at Kut-el-Amara, 206 


Dn-ing, effect on antiscorbutic properliea 


^^M Diet, nouritic, used In Japanese navy, 


of food, 232 


^m 203 


Dr>'ing, effect on antiscorbutic value of 


^^M Diet, neuritic, used in Javanese prisons, 


tomatoes, 108 


^M 204 


Drying, effect on antiscorbutic value of 


^H Diet, neuritio, used in lunatic asylum. 


vegetables, 106 


^m ^^ 


Dr>>ing, effect on content of ^ in foods. 


^^M Diet, neuriUo, used in Philippines, 205 


93 


^H Diet, sterilized, effect on human beings, 


Drying, effect on content of B in foods, 


^M 203, 204 


94, 96 


^V DietA, beriberi-pToducLng, 203, 204, 205, 


Drying, effect on vitamin content of 


' 206 


foods. 307, 308 


Diets, control, 22 


Drying of fruit juices, commercial proc- 


Diets deficient in fat, effect on children 


ess for, 109 


of, 235, 236 


Drying of milk, commercial prooeaaes 


Diets in rachitic families, 195 


for, 146, 147, 286, 287 


Diets, MeUanby's rachitic, 196, 197, 198 


Drying of vegetables, optimum temr 


Digestion, effect of lack of B on, 171, 


peratures for, 107 


172, 173 


Duodenal ulcer, effect of yeast on, 311 


Digestion of foodstuffs, x 


Duodenitis in beriberi, 206 


Digestive glands, function of vitamitks 




in stimulating, 184 and ff 


£k!iemas, effect of yeast on, 31 1 


1 Dilation, intestinal, relation of vitamin 


Kdestin, bacterial growth-stimulant in. 


^^^ deficiency to, 311 


160 


^^B Diphtheria, relation of vitamin deficiency 


JBdestin, biologic value of, 266 


^m to, 310 


Edestin, retention of B by, 130 


^^L^^ Dogs, feeding e3q>eriments with, 97, 110, 


Eel fat as cure for xerophthalmia, 235 
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Efficiency of aninml body, ix 
Eggfl, antiscorbutic value of, 86 
Eggs, aDtlDcuritio value of, 82 
Eggs aa supplement to wheat flour, 55 
Eggs, earottnoid free, as source of ^4, 77 
Eggs, content of B in, 82 
Eggs, dried, a« source of B, 81 
EggR, variation in antiscorisutic value 

due to diet of hens, 88 
Eggs, vitamin content of, 302 
Egg-yolk, antineuritic value of, 83, 215 
Egg-yolk, antineuritic and growth-pro- 
moting power compared, 152 
Egg-yolk an ingredient of experimental 

dieta, 8, 12 
Egg-yolk fat, vitamin content of, 68 
^gg-yolk, growth-promoting value of, 3, 

12, 15 
Egg-yolk, ether extraction of A from, HI 
Egg-yolk, ether extraction of B from, 1 16 
Egg-yolk, thermofitahiiity of A in, 90 
Elizabeth, N.J., outbreak of beriberi at, 

206 
Emaciation, lack of ^4 a cause of, 167, 170 
Emanation, radium, effect on B in 

yeaat, 98 
Embr>'o, animal, content of B in, 182 
Embryo, com, content of B in, 78 
Embryo, wheat, content of B in, 78 
Endocrine function, relation of vitamins 

to (See Internal secretion) 
Endocrine glands, content of vitamin B 

in, 82, 185 
Endocrine glands, relation of vitamin 

deficiency to disturbance of, 171| 172, 

185, 186, 187, 311 
Endoapcnn, com, lack of B in, 150 
Endosperm, distribution of vitamin B 

within, 791 
Endosperm, grain, lack of B in, 78, 150 
Endosperm of aeeds, composition of, 75 
Endosperm, wheat, as source of B^ 

78, 150 
Energy of body, xl 
Energ>' value of food, xi 
Energy of muscular work, xii 
Energy requirement, xiii 
"Enriched" milk in infant feeding, 296 
Ensiling, effect on content of vl in fodder, 

92 
Ezuymes, 185 
En^rme action a factor in the destruction 

of antiscorbutic power of orange juice, 

109 
Enaymes, effect on thermostability of 

antuoorbutic vitamin, 107, 108, 109 



Erythema, effect of yeast on, 311 
Ether, solubility of A in, 111, 112, 136 
Elher, solubility of B in, 116, 117 
Ethyl acetate, solubility of B from 

horse-flesh in, 117 
Evaporated milk in infant feeding, 295 
Eva]>orated milk, nutritive value of, 282, 

283, 286 
Ewe milk fat aa food for rats, 77 
Ewe milk fat as source of .4, 115 
Ewe milk fat, carotin content of, 77, 115 
Exercise, beneficial effects in ricketa, 196, 

198 
Exogenous hormones, 180 
£Ixpcrimental animals, advantage of 

small, 18 
Experimental animals, considerations 

governing selection of, 44 
Experimental animals, treatment of, 21, 

22, 23, 24, 45 
Extraction of A from plant tissues, 111, 

112, 136 
Extraction of A from plant tissues by 

solvents, factors influencing, 111, 112 
Extraction of A from plant tissues, 

McClendon's method for, 137 
Extraction of A from saponified butter 

fat, 113 
Extraction of B, 137 and ff 
Extracta of vitamins aa supplement to 

diet, 207, 302, 308 
Eye diseases due to lack of A (See 

Xerophthalmia) 

Fat content of milk, variation in, 261, 

262 
Fat deficiency a factor in ricketa, 194, 

196, (footnote), 199 

Fat free diets, experiments with, 163, 
179, 194, 196 (footnote), 199, 236, 237 

Fat' metabolism, relation of vitamins 
to, 173, 179, 180 

Fatrsoluble vitamin, 4 

Fa^solubility of B, 117 

Fat starvation in children, 235, 236 

Fats, ix, X 

Fats, absorption of, x 

Fata, antirachitic value of, 194, 106, 

197, 198 

Fats, digestion of, x 

Fats, dispensability in diet, 179, 235, 

236,237 
Fats, function in diet, 236, 237 
Fata, hydrogonatcd, 301 
Fata, vegetable, content of A in, 71 
Fata, Tegetabk, in infant feeding, 296 
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Fats, vegcUhle. need in oleomargarine, 

301 
Ftttty acids, x 

Fatty infiltration due to lack of B, 173 
Feces from oat diet, ohararler of, 4fl 
Ferric hydroxide, colloidal, as absorbent 

of B, US 
Fibrin, bacterial growth'Stiinulflnt in, 

100 
Fiah, biological value of protein of, 258 
Fish, content of A in, 71 
Fish, content of B in, 82 
Fish oils, vitamin content of, 68 
"F'lftsh" pasteurization, 277, 282 
Flaxseed, content of A in, 73 
Flaxseed protein, biological value of, 

fil, 52 
Flavoring extracts, function in diet, 175 
Flocculcnt precipitates as ab0orbcnts of 

B, 118 
Flour, bolted, a cause of beriberi, 306 
Flour milling, removal of vitamin in, 79 
Fkmr, soya bean and wheat mixtures, 77 
Flour, white, deficiency of, 70, 214 
Folin-Macallum reagent, 131 
FoUiculitiR, effect of yeast on, 311 
Food consumption on deficient diets, 

175 
Food consumption, effect of milk on, 10 

(See alflo Food intake) 
Food intjike, methods of determining, 

22, 24, 33, 34 
Food intake, necessity for data conoem- 

ing, 34 
Food preservation, effect on antiscoi^ 

butJR value, 99 
Foodstuffs, ix, X 

Fourth vitamin, evidence for, 150 and ff 
Fowls, feeding experiments with, 13, 25, 

76. 88, 143 (footnote), ISO. 183, 203, 

205, 208, 216 (footnote), 235. 254 
Fowls, vitamin A requirement of, 76 
Fractionation of acetic acid solution of 

B by alcohol, 115, 116, 119 
Fro»en meat, antineuritic value of, 97 
Frozen meat, antiscorbutic value of, 110 
Fruit juices, commercial drying of, 100, 

147 
Fruit juices, concentration of C from, 144 

and ff 
Fruit juices, dried, stability of C in, 

144 and ff 
Fruits as antiscorbutics, S3 
Fniite, content of A in, 74 
Fruits, content of B in, 82 
Fuller's eartb, activated, 141, 154 



Fuller's earth, activated, antineuritic 
and growth-promoting power com- 
pared, 154 

Fuller's earth an absorbent of viUunins, 
113, 117, US 

Function of organs eorrelated with 
vitamin content, 74, 75 

Ftmction, physiological, of vitamins, 
Iftl and ff 

Functioning cells, oorrelation of vitamin 
content with, 181, 182 

Furunculoeis, effect of yeast on, 311 

Gastric disttirbanoe in beriberi, 206 
Gastric glands, stimulation by vitamins, 

184 
Gastric insufficiency, relation of vitamins 

to, 172 
Gastrin, 186 
Gastro-inteetinal catarrh, effect of yeast 

on, 311 
Gastro-intestinal disorders, lack of vita* 

mins a cause of, 172, 173 
Gastro-inlestinal tract, effect of lack of 

vitamins on, 173 
Gelatin as supplement to oat kernel* 49 
Gelatin, bacterial growtb^etimtilant in, 

160 
Georgia velvet bean, content of A in, 

73, 74 (footnote) 
Georgia velvet bean, thermostability of 

A in, 92 
Germ (See also Embryo) 
Germ, commercial wheat, as source of 

antineuritic, 215 
Germ of seeds, composition of, 75 
Germ, wheat, growth promoting and 

antineuritic power compared, 162 
Germinating lentils, antiscorbutic value 

of, 84 
Germinating peas, antiscorbutic value 

of, 84 
Germinating seeds, antiscorbutic value 

of, 84 
Germination of seeds for use as anti- 
scorbutics, 84 
Glands, adrenal, effect of lack of C on, 

177 
Glands, intestinal, relation of vitamin 

deficiency to depressed activity of, 311 
Glands, lymph, content of B in, 82 
Glands of internal secretion (See Endo- 
crine glands) 
Glands, stimulation by vitaxnins, 184, 

185, 186. 187 
Glands, swollen, effect of yeast en, 311 
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GUnduUr adipose tiseuc, effect of vita- 
min deficiency on, 180 

Gt&ndular organs, value in the diet, 903 

Glandular organs, vitamin content of, 
303 

Glucose, stimulating effect on yeast 
growth. 41, 42 

Glucosides, hormones produced from, 
180 

Gluten feed, milk-producing value of, 

Gluten feed, nutritive deficiency of, 47 
Glyoxalaee content of liver in poly- 
neuritis, 187 
GoaU, feeding experiments with, 274, 

276 
GonococcuB, 317 
Grains, distillera, milk-producing value 

of, 265 
Grains, thermostability of ^4 in, 02 
Grains, thermostability of B in, 96 
Grape-fruit, content of A in, 74 
Grape-fruit, content of B in, 82 
Grape-fruit juice, dried, antiscorbutic 

value of, 109 
Grap<vjuice, antiscorbutic value of, 83 
Grape-juice, content of £ in, 82 
Grasflcc) as souroc of A, 72, 73. 136, 

137 
Grasseii as source of B, 81 
Gravimetric yeast test for B, 37 
Grip infection, relation of vitamin de- 
ficiency to, 310 
Ground nut (Sec Peanut) 
Growth and appetite, relation between, 

175, 176 
Growth, effect of A on, 167, 168 
Growth, effect of B on, 175 
Growth inhibition on diet containing 

vitamin, 152 
Growth promoting and antineuritic 
factors, comparison of thermostability 
of, IM and ff 
Growth-promuting as distinct from anti- 
neuritic factor, 150 and ff 
Growth -promoting as distinct from anti- 
neuritic factor, distribution of, 150 
Growth-promoting factor, properties of, 

153 and ff 
Growth promoting factor, aeparation 
from antineuritic, 153, 154, ISO, 160 
Growth-promoting factor from yeast, 

separation of, 152, 153 
Growth-promoting function of A^ 168 
Growth-promoting value of brewer's 
yeftst, 14 



Growth -promoting value of butter-fat, 

3, 12 
Growth -promoting value of egg-yolk, 

3, 12. 15 
Growth-promoting value of meat, 197 
Growth-promoting value of milk, 3, 9, 

10, 11 
Growth-promoting value of protein, 

numerical expression for, 55 
Growth stimiiliition in children due to 

administration of vitamin, 290, 297 
Guinea-pig, requirements for C, 166, 

232, 233 
Guinea-pigs, feeding experiments with, 

18, 19, 25, 33, 83, 84, 85, 86. 99, 100, 

101, 102, (footnote), la*?, 101, 105, 

133, 147, 166, 178, 269, 271, 277, 284, 

290 
Guinea-pigs, symptoms of scurvy in, 

221, 222, 223 
Guinea-pig test for presence of C, value 

of, 232, 233 

Hay, antiscorbutic value of, 104, 105, 290 
Hay from immature grasses, content 

of B in, 81 
Heart action, effect of vitamin extract 

on, 183 
Heart, effect of lack of A on, 169 
He^rt, effect of lack of B on, 171, 173 
Heart muscle, effect of lack of B on, 173 
Heart, effect of lack of C on, 228 (foot- 
note) 
Heart, ox, antineuritic and growth- 
promoting power compared, 152 
Heart, ox, bacterial growth-etimulant 

in, 160 
Heart, pig, dried, content of A in, 91, 92 
Heart protein, content of B in. 82 
Heat, factors influencing destruction of 

B by, 120 
Heat, factors influencing destruction of 

C by. 107, 10«. 109 
Heat, stability of A to, 90. 91 
Heat, stability of B toward, 94, 119, 

120, 155 and ff 
Heat, stobility of C to, 99, 100, 107, 

133, 134. 135, 284, 285 
Heating, effect on antiscorbutic proper- 
ties of food, 232 
Heating, effect on nutritive value of 

milk. 277 and ff 
Hemiceiluloees interfering with extrac- 
tion of .4 from plant tii^sues, 112 
Hemorrhage, intestinal, relation of vita- 
min de&cieDoy to, 311 
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Heredity in rickets, 193 

Hippuric acid, excretion of by pellagriDS, 
246 

Histidine, 122, 126, 259 

HistologjciLl changes of ribjunction due 
to lack of A, 99 

Historical development of viiaouD 
theory, 6 

"Hold" paateurixatton, 278, 283 

Hormonee. 6. 185. 186, 187 

Hone-flesh, antineuritic substance from, 
117 

Hydrochlonc acid, administration to 
peUa^ns of, 25S 

Hydrochloric acid, alcoholic, aa extrac- 
tive for B, 118 

Hydrochloric acid, inoctivation of B 
by. U8 

Hydrogen ton concentration of foods in 
relation to antiscorbutic power, 133, 
134 

Hydrogen ion concentration, influence on 
thermostability of C in tomato juice, 
102 (footnote) 

Hydrogen peroxide, destruction of C by, 
133 

Hydrogeaated fats in diet, use of, 301 

Hydrogcnnted oils in basal diets, fiK 

Hydrogenation, effect on vitamin con- 
tent of oils, 90, 113 

Hydrolysis, acid, effect on rice polishings, 
118, 119 

Hydrolysis of carbohydrates, beriberi 
caused by abnormal, 211 

Hydrox>'l ion, effect on C, 134 

Hydroxy-nicotinic acid, antineuritic pro- 
perties of, 128 

Hydroxy^yridines, antineuritic proper- 
ties of, 129, 182 

Hydroxy-pyridine glutasine, 128 

Hydroxy-pyriraidinea, 127, 128 

H>'poradrcnalinemia due to lack of B, 
171, 172 

nium, effect of lack of B on, 173 
Inoctivation of B by acids, 118 
Inacttvation of vitamins, theory of, 129 
Inanition, chronic, due to lacJc of B, 

171,311 
Index of cereals, vitamin, 132 
Indican in beriberi, 172 
"Indicator limit" of phosphorus pent- 
oxide, 80 
Indole derivatives, antineuritic proper- 
ties of, 182 
lofontUe scurvy, 219, 220 



Infantile scurvy, secondary factors in, 
285 

Infection and nutritional disorders, 
relatioo between, 310 

Infection, bacterial, relation of vitamin 
deficiency to, 311 

Infection, relation between vitamin de- 
firiencv and susceptibility to, 167, 
172, 173 

Infection, relation of vitamin de6ciency 
and susceptibility to, 310 

Infection, susceptibility of scorbutic 
auiinals to, 219 

Infection theory* of beriberi, 202, 209, 
210 

Infection theory of pellagra, 245 (foot- 
note), 247, 248. 260 

Infection theory of rickets, 193 

Infection theory of xerophthalmia, 237, 
238. 239 

Infiltration, fatty, due to lack of B, 173 

Influence of diet on vitamin-content of 
body fats, 70 

Influenxa bacillus, 317, 318 

Infusorial earth as absorbent of B, 118 

Inorganic elements in nutrition, study 
of. 64 

Inorganic ealta as supplement to wheat 
kernel, 47 

Inorganic salt mixturee in experiiiiental 
diets, 10, 11, 12,23,24 

Inorganic salts of milk, 268, 274 

Internal secretion, influence of vitamtn, 
on, 6, 7, 162 (footnote), 171, 185, 186, 
187 

Internal secretion, rickets due to de- 
ficiency of, 193 

Intestinal congestion, relation of vitamin 
deficiency to, 311 

Intestinal dilation, relation of vitamin 
deficiency to, 311 

Intestinal hemorrhage, relation of vita- 
min deficiency to, 311 

Intestinal insufTiciency, relation of vita- 
min deficiency to, 172 

Intestinal intoxication, effect of yeast 
on, 311 

Intestinal mxiacles, effect of vitamin ex- 
tracts on, 183 

Intestinal putrefaction, abnormal, in 
beriberi, 173 

Intestinal stasis, relation of vitamin 
deficiency to, 172, 311 

Intestinal symptoms of de&ciency of A, 
108 

Intoxication a cause of rickets, 193 
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Intoxication theory of beriberi. 210, 211 
Intoxication theory of pellagra, 247 
Intraperitoneal injections in polyneuritis, 

117 
Intravenous administration of vitamins, 

1S4 
Intravenous injection of orange juice, 

effect of, 226 
Intussusception, relation of vitamin de- 
ficiency to, 311 
Invertase activity of yeaflt^ stimulant 

for, 160 (footnote) 
Invertase aa factor influencing ther- 
mostability of C in orange juice, 109 
Isolation of B, 121, ff 
Isolation of B, method of Edie et a], 122 
Isolation of B, method of Funk, 121, 122 
Isolation of B^ method of Myers and 

Voegtlin, 126 
Isolation of B, method of Pol, 124, 125 
Isolation of B, method of Seidell, 127 
Isolation of B, method of Suzuki et al, 

123 
Isomeric hydroxypyridines, 128» 129 
Isomerization, loss of antineuritic power 
from, 128, 129 

Japanese children, xerophthalmia, in, 235 
Japanese navy, study of beriberi to, 

202, 203 
Javaneae prisons, beriberi>produeing diet 

of, 204 
Just-Hatmaker process for preparation 

of dried milk, 286, 287 

Kaffir battalion, outbreak of scurvy in, 

84 
"KiilaoM," 17 

Kaolin as absorbent of vitamin B, 117 
Katjang idjo, 124 
Katjang idjo, separation of B, from, 

124,125 
Katjang idjo, thermostability of B in, 

04 
Keratitis, 169, 237 
Keratomalacia, 234 and S (See also 

Xerophthaloiia) 
Kidney, effect of lack of A on, 169 
Kidney, effect of lack of B on, 171, 173 
Kidney, effect of lack of C on, 228 

(footnote) 
Kidney, pig, extraction of B from, 117 
Kidney protein, content of B in, 82 
Kidney, vitamin content of, 182 
Kiesetguhr, absorption of yeast vitamin 

by, 118 



"Kryrtalak, " 236 

Kut-el-Amara, outbreak of beriberi at. 
206 

Labrador, outbreak of beriberi in, 206 
Lactolbumin, 54, 262, 263 
LactaJbumin an incomplete protein, 267 

268 
Lactalbumin and lactose, supplementary 

relation between, 267 
Lactalbumin as supplement for maixe 

protein, 54, 208 
Lactalbumin, biologic value of, 55, 266, 

267, 268 
Lactalbumin in the digestive tract, proc- 
ess of hydrolysis of, 267, 268 
I>actation, diet during, 272, 273, 294, 

295 
LactatioD, undcrfoccding cause of failure 

in, 272, 273 
Lactation, vitamin requirements during, 

294, 295 
Lactoglobulin, 202, 264 
Lactose an ingredient of experimental 

diets, 15, 57 
Lactose and lactalbumin, supplementary 

relation between, 267 
Lactose compared with cane sugar, 

physiulofcical efficiency of, 262 
Lactose, effect of heat on, 280 
Lactose in milk, 2ti2 
Lard, digestibility of, 69 
Lard manufacture as influencing vitamin 

content of proiluct, 70, 71 
Lard substitutes, digestibility of, 69, 70 
Lard substitutes, vitamin content of, 113 
Lord, vitamin content of, 69 
Laxative diets, scurvy produced on, 227 
Leaf, amino-acid content of, 52 
Leaf and seed mixtures, biological value 

of, 52 
Leaf OS supplement to food in diet, £2 
Leaf, biological value of, 52 
Leaf, mineral content of, 52 
Leaf, protein content of, 52 
Leaf tissue, thermostability of A in, 92 
Leafy vegetables, antiscorbutic value of, 

85, 232 
Leaves, content of A in, 72, 73, 74 
Leaves, extraction of A from, 77 
Leaves, green, syntheMS of A by, 77 
Lecithalbumin, 2f>4 
Lecithin, 7, 8, 15, 112 
Legume and cereal mixtures, biolo^cal 

value of, 50 
Lemon juioe as antiscorbulto, 83 
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ImmmhM, itfecte ok iiefa«% 64, CS 
LfBKcd oil, MtneUtk nkw «<, IM^ lf7 
Lkb enU, feedi^ expoaBeati wi&, IM 
lipowfa, ■■ntiitkm of il wiOt, 131 
lipOHK liMjH I— liflil J of, 8 
lipocfarome*, 76, 112 
T ipof hiwi i ri.w i nr mtionwithTitMBiD^, 

7« 
Iqiochrome-like ■nhrtartrf in poric fircr, 

77 
lircr M core for xerophtluinua, 235 
Lnrer, effect of lade of il on, 100 
Lmr, effect of kek of A oo, 171, 

173 
Lnrer. ox, antineoritic vmhie of, 83 
liver, piji^ dried, content of ^ in, 91 
lAver, pork, cftrotiunds in, 7ft, 77 
liver, rat, as antiscorbutic, 166 
Liver, seal, as antiscorbatic, 230 
Liver tissue, content of B in, 82 
Liver, vitamin content oi, 182 
Lloyd's reagent, 118, 142, 163 
Lloyd'^ reagent, "activated," 142 
Lloyd's reagent as absorbent of B, 118 
Ixing-continued experiments, necessity 

for, 26, 27, 45 
Lozenges, antiscorbutic, of Bassett- 

Bmitfa, 144, 145 




fdaliaa 

daeyof a nd, 2K 
liah, aatiMortiatK vakie of, 84 
Malt extnci, aatincUtie valoe of, 106 
Man, aiaecptibaity to lack of tmti- 

■eori witi e, 106 
Mangel, eonteot of ^ in, 73^ 75 
Maz«d, eontent of B in, 82 
"Bfarmite," 215 
Mastic as abaotbcnt of B, 117 
"Matok" as antaeotbntie, 230 
Heat, alcohol extnetion of B fran, 115 
Meat, antiradkitic vahw of, 107 
Meat, antiscorbutte vahie of, 80, 87, 

228, 232 
Meat as supplement to wheat floor, 65 
Meat, biolopcal vahie of {xotein of, 258 
Meat, cooked, vitamin content of, 303 
Meat, content of ii in, 71 
Meat, content of B in, 119 
Meat, effect of alkali on B in, 110 
Meat, ether extraction of B from, 116 
Meat, extraction <rf B from, 115 
Meat extracts, antiscorbutic value oS, 88 
Meat, frozen, antineuritic value of, 07 
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Meat, frosen, antiscorbutic value of, B8, 

110 
Meat, growth-promoting value of, 197 
Meat juice, antiscorbutic value of, 88 
Meat, preserved, antiflcorhiitic value of, 

87 
Meat, raw, aatineuritic value of, 97 
Meat, Baited, antineuritic value of, 97 
Meat, et«rili2ed, deficiency in anti- 

neuritic power, 97 
Meat, gtimulattng effect of, 197 
Meat, theraaoetabOity of B in, 97 
Meat, thermostability of C in, 110 
Meat, tinned, antiscorbutic value of, 87 
Medulla, adrenal, degeneration due to 

lack of r, 177 
Meningococcus, growth-etimulanl for, 

317 
Merrell-Soule proceaa for drying fruit 

juices, 147 
MerrcII-Soule process for drying milk, 

287 
Metabolism, basal, xiii 
Metabolism, calcium in scurvy, 228, 229 
Metabolism, calcium, relation of vita- 
mins to, 177 
Metabolism, chlorine, in scurvy, 228 
Metabolifim, fat, relation of vitamins to, 

179. 180 
Metabolism, function of hormones in, 186 
Metabolism in pellagra, 245, 346 
Metabolism, nitrogen, effect of hick of 

B on, 184 
Metabolism, nitrogen, relation of vita- 
mins to, ISO 
Metabolism of nerve tiseuea, relation of 

tf to, 183 
Mabolism, phosphorus, relation of 

vitaminji to, 179 
Metabolism, protein, in scurvy, 218 
Metabolism, relation between appetite 

and, 176 
"Metagen," 149 
Methods of concentration of vitamin B, 

137 and ff 
Methyl alcohol, solubility of B in, 116 
Mice, feeding experiments with, 2, 6, 8, 

14, 16, 17, 18, 63, 181, 305 (footnote) 
Milk, albumin in dried, 287 
Milk an ingredient of experimental diets, 

3, 6, 8, 9, 10, U, 47, 86, 104 
Milk, antineuritic value of, 269 
Milk, antiscorbutic value of, 86, 232, 

277 
Milk as supplement to cereal graina 265, 

266 



Milk as supplement to oats and bran in 

guinea-pig rationa, 86 
Milk as supplement to wheat flour, 55 
Milk, autodaved, as constitutcnt of 

scorbutic diet, 104 
Milk, biological value of protein of, 258 
Milk, boiled, digestibility of. 279 
Milk, boiled, nutritive value of, 279 
Milk, breast, of pellagrins, 246 
Milk, breast, of women with beriberi, 202 
Milk, oalrium in dried, 2M7 
Milk, caseinogen in dried, 287 
Milk, composition of human compared 

with cow's, 261 and ff 
MUk, condensed, antiscorbutic value of, 

104, 165 (footnote) 
Milk, condensed, in infant feeding, 295 
Milk, condensed, nutritive value of, 282, 

283, 286 
Milk, condensing of, 165 (footnot«) 
Milk, constituenta of. 261 
Milk, content of B in, 81, 82, 151, 269, 

297 
Milk, content of C In, 269, 270 
Milk, cow's, in infant feeding, 395 
MQk diet, growth on, 270, 271 
Milk, dried, antiscorbutic value of, 104 

271, 288, 290, 291 
Milk, dried, in infant feeding. 295 
Milk, dried, vitamin content of, 288 
Milk drying, Just-Hatnmker process 

286, 287 
Milk drying, McClendon's method, 146 

147 
Milk drying. Merrell-Soule process, 287 
Milk, effect of diet of lactating animal 

on composition of, 164, 165, 272^293, 

294 
Milk, effect of diet of lactating animal 

on nutritive vaiue of, 273, 274, 275, 

276, 293, 294 
Milk, effect of diet of lactating animal on 

vitamin content of, 82, 164, 165 
Milk, effect of heat on nutritive value of, 

277 and ff 
Milk, effect of heat on phosphorus con- 
tent of, 283 
Milk, effect of heat on vitamin content, 

283 
Milk, effect of small quantities in the 

diet, 3 
Milk, evaporated, in infant feeding, 295 
Milk, evaporated, nutritive value of, 

282, 286 
Milk, factors influencing content of A 

in, 74 
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tein feed! for, 206 

M0k protons, 202 and ff 

Milk protem, biolopeal value cC, 51 

Milk proteia, effect of diet of hetetiBg 

enimel on, 274 
MiDc protetn, idatiao of inteke to 

growth, 47, 48 
Mflk protcne, vafaie for milk pro- 

duetiini, 206 
Milk ration reqoued for children, 900 
Milk, raw, antiaoorbutio Talue of, 104 
Milk, reduction of ealctum oonteot on 

beating, 281, 282, 283 
Milk, ■calded, antiaoorbutic Talne of, 105 
Milk, eeaaonat Tariation ia Titamin con- 
tent of, 276, 277 
Milk, ebeep, oompoattion of, 201 
Milk, ekimmed, as eouroe of Titamina, 801 
Milk, eoUds hi dried, 287 
Milk, eouroe of ritamine of, 275, 276 
Milk, •teriliaed, containing vitamins, 

278 280 
Milk 'sugar 262 (See Uotose) 
Milk, thermosUbtlity of B hi, 06, 97 
Milk, thermostability of C ht, 104, 106, 
^ 884, 286 

Milk, Titamhi content of, 161, 269 and ff 
Millet protehi« biologioal value of, 51, 63 



far eoMBBtaatmi ol 
vitamiM, 144, 145, 146 

Mcdeodon'e metiwd for eztnetaon of A 
from plant tissoea, 137 

"Modified nunc" Titamm deficient d, 
207 

Monkeys, feeding experiments with, 18, 
86, 105, 170, 173, 179, 229, 254, 257 
250, 269, 270, 284, 29pi 811 

Monkeys, polyneuritis in, 207, 208 

Monkey, susoeptability to laek of anti- 
scorbutic, 166 

Monotonous diets, nutrittre value ci, 8 

Motor cells of cord, degeneraticm in 
polyneuritis, 130, 183 

Mucous disease, relati<m of vitamin de- 
ficiency to, 172, 310 

Muscle, beef, antineuritic value d, S2 

Muscle, fish, antineuritic value of, 82 

Muscle, heart, effect of lack <tf £ on, 173 

Muscle tone, regulation by vitamina of, 
182, 183 

Muscular tissue, effect of lack of vit^ 
mine on, 172 

Mushrooms, failure to syntbeeiae vxt*- 
min A, 77 

Myetm, 262 

Myentcffon, relation of vitamin d»- 
fioienoy to atrophy of, 811 
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Nageli's solution, 35, 39 


Oat kernel, nutritive deBcienciea of, 1 


Nerve cells, effect of lack of vitamins 


49, 51 ^^1 


on, 172 


Oat kernel, proteins of, 47, 49, 51, 55 ^^H 


Nerve fibers, effect of lurk of B on, 


Oatmeal, antineuhtic value of, 216 ^^H 


183 


Oat protein, amino acids of, 55 ■ 


Nervous system, central, effect of lack 


Oat protein, biological value of, 47, 51 I 


of vitamina on, 171, 172 


Oedema, 169, 170, 171, 172 ■ 


Neurasthenia, lack of vitamins a factor 


Oedema, relation between adrenals and, 1 


in, 174 


171, 172 ■ 


Neuritis, 171, 309 


Oedema, relation between vitamins and, ■ 


Neuritis, relation of vitamins to, 309 


160, 170 ■ 


Neuru-muacular mechanism, elTect of 


Oidium lactia, relation of vitamins to I 


lack of vitamina on, 172, 173 


growth of, 316 1 


"Neutral lard," 301 


Oil meal, milk-producing value of, 265 ^^^k 


Newfoundland, outbreaks in beriberi in, 


Oils, vegetable, content of A in, 71 j^^^J 


206 


Oleic acid, solubility of B in, 117 ^H 


Nickel, possible effect on vitamins, 113 


Oleomargarine, 114, 301, 302 


Nicotinic acid, 122, 123, 127, 128, 182 


Oleoroargariue compared with butter as 


Nicotinic acid, antincuritic properties of, 


a constituent of the diet, 114 


127, 182 


Oleomargarine, digestibility of, 301, 302 


Nicotinic acid, vitamin B a derivative 


Oleomargarine, vitamin content of, 67, 


of, 128 


302 


"Night-blindness," 241, 309 


"Oleo oil," 71, 75, 301 


Nitrogen as a constituent of A, 114 


Oleo oil, vitamin content of, 71, 75 


Nitrogen as constituent of j9, 128 (foot- 


OleO'fltearin, vitamin content of, 71 


note), 132 


Olive oil, solubility of B in, 117 


Nitrogen balance of pcUagrins, 345 


Onion, content of C in, 85, 86 


Nitrogen balance on diets deficient in 


Onion, content of B in, 81, 150 


vitamins, 180 


Optics, effect of lack of B on, 173 


Nitrogen content of centxifuged butter 


Orange juice, antirachitic value of, 197 


fat, 114 


Orange juice, antiscorbutic value for 


Nitrogen metabolism, effect of lack of 


infants, 398 


B on, 184 


Orange juice, diied, antiscorbutic value 


Nitrogen metabolism, relation between 


of, 108, 109 


vitamins and, 180 


Orange juice, effect of intravenous in- 


Nitrogen of blood, effect of lack of B 


jections of, 226 


or, 174 


Orange juice, effect of storage on anti- ^^H 


Nitrous acid, inactivation of B by, US 


scorbutic value of, 108, 109 ^^| 


Nomenclature of vitamins, 4 


Orange juice, enxyme action a factor in 


Norit, 169, 100 


destruction of antiscorbutic power of. 


Normality, criteria of, 25, 26 


109 


Nuclear fecundation a junction of vita- 


Orange juice, minimum antiscorbutic 


mins, 181 


dose for guinea pig, 232 


Nuclear material, correlation of vitamin 


Orange juice, thermostability of C in, 


content with, 182 


103, 104, 100, 133 


Nuclear starvation, lack of vitAmins a 


Orange peel as source of £, 171 (footnote) 


cause of, 181 


Oranges, antiscorbutic value of, S3, 


Nuclear tissues, content of B in, S2 


229, 230, 232, 298 


Nucleate, sodium, an ingredient of 


Oranges, content of A in, 74, 197 


synUictic diets, 7 


Oranges, content of B in, 82, 151, 171 


Nucleic acid, 127, 187 


(footnote) 


"Nucleua" of vitjimins, 129 


Orgamc foodstuffs, ix, x 


Nutramine, 215 (footnote) 


"Oriflamma,"217 


Nutritive requirements of different 


Oridiiwt^l26 


species. 20, 21 


Orycifita^ bacterial growth-stimulant in, 


Nuts, content of vitamin A in, 74 


. 1 



SUBJECT INDEX 



Orypttn, 311 

OtTianin, 123, 124 

OsteogBDeBis in rata on diets deficient 

in A, 170 
Osteomalacia, acidosis a factor in, 193 
Ovary, effect of lack of B on, 171, 173, 

174 
Orary, storage of vit&mins in, 164 
Oxidation a factor in the destruction of 

A, M 
Oxidation a factor in the destruction of 
C, 100, 103, 133, 285 
Oxidation a factor in the deterioration 

of heated milk, 2S5 
Oxidation proceaaes, relation of anti- 

neuhtic vitamin to, 187 
Oxygen, deterioration at A in oil throu^ 

contact with, W j 

"Paddy" rice, 212 

Pal&tability a factor in nutrition, 7 
Palm oil, deslructiun of .4 by steam, 92 
PancreBB, content of B in, 82 
Fancreaa, effect of lack of B on, 171, 173 
Pancreatic extract, separation of B from^ 

141, 142 
Pancreatic insufficiency, relation of vita- 
mins to, 172 
Pancreatic juice, stimulation of flow by, 

186 
Pancreatic secretin, resemblance of B 

t*j. 186 
Paper pulp as roughage, 103 
Paralytic s>'raptoms in iwlyneuritis, 

oauK of, 172 
Puteurioation of milk, 277, 278, 282 
Pasteurization, effect on antiscorbutic 

value of milk, 284, 285 
Pasteurised milk as infant food, 235 
Peanut butt<T as medium for administra- 
tion of vitamins, 148 
Peanut, content of A, in, 74 
Peanut me&l, antineuritic value of, 215 
Pea protein, biological value of, 50, 51, 52 
Peara, content of B in, 82, 171 (footnote) 
Peas, antineuritic value of, 77, 82, 215 
Peas, antiscorbutic value of, 232 
Peas as food for rats, 49, 50 
Peas, dried, content of B in, 77 
Peas, dried, thermostability of B in, 95 
Peas, germinated, antiscorbutic value 

of, 84 
Peas, germinated, thermostability of C 

in, 100 
Peas, relation between color and content 
of vitamin ^1, 76 



I 
I 



Pectins interfering with extraction of A 

from plant tissues, 112 
Pellagraacommunicid>lediBeaae,248,249 M 
PeOagra, age of susceptibility to, 243 1 
PeUarga among Turks in Egypt, 244, 257 
Pellagra, <lietary hypothesis of , 249 and ff 
Pellagra-producing diets, 249 and ff 
Pellagra, etiologs- of, 120, 242 (footnote), 

245 (footnote), 247 and ff 
Pellagra, extent in U.S.A., 242 
Pellagra, feeding experiments in, 252, 

253, 254 
Pellagra, geographic distribution of, 242, 

243 
Pellagra, medication as compared with 

dietary treatment for, 255 
Pellegra, periodicity of, 243 
Pellegra, relation of moiie diet to, 242 

(footnote). 347, 259 
Pellagra, remedial diets for, 254, 255 
Pellegra, susceptibility of men and 

women, 243 
Pellagra, susceptibility of negroes and 

whitea, 2^13 
Pellegra, symptoms of, 243 and ff 
Pellagru, vitamin deficiency a factor in, 

250, 25<>, 257 
Penicillium glaucum, relation of vita- 
mins to growth of, 315 
Peptone, bacterial growth stimulant in, 

160 
Petroleum ether, solubility of A in, 112 
PhiUppine scout^ study of beriberi 

among, 205 
Phosphates, effect on calcium metabo- 
lism in rickets, 65 
Phosphatides, 112 
Phosphoric acid in urine of beriberi 

patients, 211 
Phosphoric anhydride as indicator of 
vitamin efficiency of grains, 79, 80 
Phosphorus deficiency cause of rachitic 

like condition, 65 
Phosphorus compounds, association of 

B with, 131 
Fho!*phorus content of i4, 114 
Pho^borus content of B, 132 
Phosphorus content of butter oil, 114 
Phosphorus content of caseinogen, 263 
Phosphorus content of centrifuged but- 
ter fat, 114 
Phosphorus content of cereals a vitamin 

index, 132 
Phosphorus content of lactolbumin, 263 
Phosphorus content of milk, effect of 
beat on, 283 
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JfMmpbanmf rfeet of cod finr oil on 
reCentaan id, 177, ITS 

Thtmphanm, ia eemJs. vefattiaB bttomi 
viUiiim oontcnt and. 79, SO 

VhoBpbonm in nulk, cAecs of TxUinnH 
Eras diet on, 274 

FhaephanB metafaoliaaB m beriberi, 211 

fuoephcra netafaoliMii in suui >, 22S 

Hwaphogniiiirfihnliwn, lehtioaofrit*- 
mins to^ 179 

VUcmfhanm, ■ *■■>**'■•' valoe in ridoeta; 
64,65, 199 

Fhyridogicai funetiaa of Txtuaiiia, 181 
andff 

Picklii^ antirartwitic raiae of foods 
affected trr, 99 

FigBooi^ feeding experiments with, 3, T, 
14, 18, 96, 98, 102, 117, 123, 125, 143 
(footnotej, 147, loO, 153. 158, 159, 160, 
162 (footnote;, 163, 172, 179, l&i. 
204, 215 (footnote;, 216 (footnote). 

Pigeons, vitamin reqaitementa erf, 165 

Figment in butter fat, relation <rf vita- 
min content and, 67 

Figment, yelknr, in peas, 76 

Pigments, hypothesis of leoeo com- 
pounds ol, 76 

PSpnents, plant, correlation with vita- 
min A content, 75 

FOocarpine, 128, 182, 183 

Filoeaipine, antineuhtic pnq;wrties of, 
128, 182 

Pine needles, cure of scurvy by decocticni 
of, 217 

Pituitary, effect of lack of B on, 171 

Plant pigments, correlation with content 
of ^, 75 

Plant structures, relative content of A 
in, 72 

Plant structures, relative content of B 
in, 80, 81, 82 

Plant tissues, complex of A eTisting in, 
111 

Plant tissues, content of B in, 80, 81, 82 

Plant tissues, dried, as source of A, 
136, 137 

Plant tissues, extraction of A from. 111, 
112, 136 

Plants, hormones in, 186 

HexuB, Auerbach's, relation of vitamin 
deficiency to degeneration of, 311 

"Polished" rice, 212 

Polyneuritis, 13, 14 

Polyneuritis, cause of paralytic symp- 
toms in, 172 

Polyiwuritis, chronic, 208, 209 



Pohnnzritis. ikymji tjan of Madt 
nerve in. 150 
Pot.iueuiiJts. defenmtkn of motor cells 

erf racd in. 130. 1S3 
Polyneiiritis det^toped on diets contaxft- 

ing exeeas of vitamiiu. IM 
Poi_iueuiitis gaUinarium. 208 
Po l iue miU a identical with bei ib e ii . 208, 

2(M 
Polynetmtis. respintonr qnotient in. 

216 ^footnote'* 
Polrneiiritis, grmpUmm in hinK 207, 

206 
Polvnenritisv sv1I^ltome in eats and dofs, 

206 
Poiyneuritis. time of raset in birds* 2C6 
Potassium hydroxide, alcoholic, effect 

on extract of A, 112. 113 
Potamium metabisulphite as predvm- 

tive for citrus fruit juices, 10^ vf<H>t- 

note.'- 
Potato, biological value of. 52. 53 
Potato, contmt of vitamin £ in, $1, S3, 

96, 151 
Potato, dried, commereial, content of B, 

96 
Potato, mineral content of, 52, 53 
Potato peel, content <rf B in, $1 
Potato supplemented by seeds, nutritive 

value of, 53 
Potato, thermostabiUty of B in. 96 
Potatoes, antineuhtic value of« :iC3. 151 
Potatoes, antiscorbutic value of, S3, ICCi 

103, 135, 230. 2»S 
Potatoes as antiscorbutic for infants. 2^ 
Potatoes, content of .4, 73, 75 
Potatoes, cooked, antiscorbutic value of, 

85, 102, 103 
Potatoes, effect of acid on stability of 

Cin, 135 
Potatoes, effect of storing on anti*.N>r- 

butic value of, 105 
Potatoes, sweet, content of A in. 75 
Potatoes, sweet, content of B in, S2 
Potatoes, swtxn, thermostability of A 

in, 92 
Prairie dog. antiscorbutic requirement of, 

IG6, 220 
Preservation of foods, effect on vitamin 

content. 90. 307 
Preservatives for C in citrus fruit juices, 

103, lOS ifootnote) 
Fteserved food, commercial uselessncas 

of data concemiog, $9 
Properties, chemical, of B, 1^, 131 
Properties of C, 132 
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VnMn ft fsetor in pdhfim, 287 and ff 
notein-bee milk, 9, 10, 11, 14» 60^ 61, 

to, 161, 266, 367 
Vn^an-ixtt mSSk m ■oaree cf B, 380 
Rtit8iik4(M mlDc, effect of Imi on, 

06,280 
Pnrteiik-Crae miDc, utngBn eoBtart d, 

60, 61, 62; 907, 366 

Frotem-free miDc, imfMimtaoa of, 60^ 

61, 63 

nroteiii-6ee miDc, m^duir eonteni of, 

368 
Frateoi jntalce, inflnoiiee on growth, 47 
VMtm in the diet, rdatiaii between 

Tttamine and, 178, 170, 180 
ftotoin meteboliBt in acarry, 218 
Rotrin, niUMrical eqsearion f or powtb* 

ptomoting vafaie of, 65 
Pkotemi, xwiiiinnMnt in diet, z 
noteina, ix, x, xi, 136 
Ktoteina, hiotegica] ▼aloe of, xi, 54, 

257, 258, 260, 364, 365, 366, 367 
noteina, dlytimi of , x, zi 
Roteina in nuixitiGn, x, xi 
Ftoteina, iaohted, baotcriaX powtb- 

atinmlanta in, 160 
Roteina, tiMTimnin eflSdenpf of, 56 
Ph>teina, milk, 363 and ff 
Proteins of cereal grains, relative nJuee 

of, 56 
Proteins, purified, nutritive valiw of, 6, 

7, 8, 11, 12 
Proteins, relative value in animal hus- 
bandry, 265 
Protein utilization in pellagra, 246 
Proteoses, 262 

Prunes, content of £ in, 82 
Prunes, content of C in, 83 
Pruritis, effect of yeast on, 311 
Pseudo-betaine, 128 
Faoriasis, e£fect of yeast on, 311 
Pulses in antineuritic diet, 204 
Pulses, thermostability of B in, 96 
Purified protein as supplement to maise 

kernel, 49 
Purine bases from rice, antineuritic 

properties of, 127 
Purine bases, synthesis of in organism, 

187 
Purines, 126 
Purines in the diet, 303 
Putrefaction, abnormal intestinal, in 

beriberi, 173 
Pyrimidine bases, synthesis of in organ- 
ism, 187 
Pyrimidines, 122, 127 



fifiiinidinei^ nntiuauritie prapertiee of^ 
^ 127, 138, 18 3 ^ 

Fjnimidinee, hydnniy, antinenritie pn^ 
pertiea of, 127, 138 

Qnaa liUU ve detennination ai anti- 

aeartmtie vHamin, 83 
^^oantitotive aepaimtion of B and C, 182 
Qniniwa, auliueuilic pnnwti ee ol^ 127 
Qninolmic acid, 128 

BablHtB, feeding experimenta with, 88, 

284, 268 (footnote) 
BabbitB, auaceptiMity to xarophthalmia 

of, 284 
Bachitie diets, MeOanby'a, 196, 197, 198 
Badiom emanation, effect en B, 98 
Badium, nmilarity between effecta of 

ftvitaminoaia aiid, 188 
BaapboRy juice, thennoetabiUty of C in, 

108 
Bat, antiaeofbutic reqniremoita of, 106^ 

167 
Bat feedm& methoda, 23, 24 
Bata, effect of deficiency <tf ^ on, 166; 

leo 

Bate, experimental methods used with, 
21 and ff 

Rats, feeding experiments with, 3, 6, 7, 
8, 9, 11, 12, 14, 15, 18, 19, 23, 24, 25, 
27, 47, 48, 49, 50, 51, 53, 54, 55, 58, 
64, 65, 72, 77, 80, 91, 93, 95, 98, 101, 
113, 115, 117, 119, 120, 137, 142, 153, 
158, 159, 160, 163, 166, 168, 169, 
171 (footnote), 174, 175, 177, 179, 
180, 210, 211, 236, 237, 238, 239 

Rats, life cycle of, 19 

Rats, polyneiuitis in, 207 

Rats, synthesis of C by, 166, 167, 221 

Rats, value for experimental purposes, 19 

Rats, vitamin requirements of, 165 

Reconstructed milk, 297 (See also En- 
riched milk) 

Reduction, effect on il, 94 

Refining of oils, effect on vitamin con- 
tent, 71, 113 

Rennin, 263 

Renovation of butter, effect on vitamin 
content of, 74 

Reproduction, inadequacy of oat kernel 
for, 49 

Reproduction, influence of mineral con- 
tent on diet of, 48 

Reproduction, influence of potato diet 
on, 53 

Reproduction on diets deficient in A^ 168 
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Reproduction on carotinoid-frec diet, 115 
Reproduction on dried milk diet, 370 
RcquirenientB of ra.i8 var>'ing wth age, 

vitamin, 175 
Resistance, lowering of on vitamin-de- 

fieicnt diet, 172, 173, 237 
R«^iralory quotient, effect of B on, 187 
Respiratory quotient in polyneuritis, 216 

Cfootnote) 
Rheumatic joints caused by lack of C, 

179 
RhizopuA nigricans, rrlation of vitamina 

to growth of, 315 
Ribe, effect of lack of .4 on structure of, 

99, 169, 170 
Rice, biological value of protein of, 258 
Rice bran, content of B In, 78 
Rice, change in chemical composition 

due to poliahing. 212, 213 
Rice embryo, analysis of, 213 (footnote) 
Rice embryo, separation of B from, 

213 (footnote) 
Rice germ, antincuritic value of, 82 
Rice grain, antineuritic and growth- 
promoting power compared, 154 
Rice grain, structure of, 212 
Rice, "paddy," 212 
Rice, "polished." 78, 212 
Rice, polished, a factor in beriberi, 204 

and ff 
Rice, polished, nutritive deficiencies of, 

15, 48, 213, 258 
Rice, polished, starvation on diet of, 184 
Rice polishings, antincuritic value of, 

215 
Riee polishings, effect of acid hydrolj-sis 

on, 118. 119 
Rice polishings, effect of sodium hydrox- 
ide on B m, 1 19 
Rice poliKhingH, extract of antincuritic, 

205 
Rice polishings, extraction of B by 

alcohol from, 116 
Rico poliahingx, isolation of B from, 121, 

122, 125 
Rice protein, amino acids of, 55 
Rice starch in basal diet£i, 57 
Rice, thermuutabilitv of B in, 95 
Rice toxin, 15, 210, "311 
Rice, tmhuaked, antineuritic value of, 150 
Rice, unmilled, thermostability of B in, 

94 159 
Rickets, 168, 170 

Ricketa, acidoaia a factor in, 193, 194 
Ricketa, beneficial effects of exercise in, 

196, 198 



Ricketa, calcium deficiency a factor in, 

193, 195, 197, 199 
Rickets, conditions predisposing to, 198, 

199, 200 
Rickets, deficient intenuU secretion, a 

factor in, 193 
Rickets, domcJittcation theory of, 195, 

199, 200 
Rickets, effect of phosphates and lime 

salts on, 04. f>5 
Rickets, etiology of, 193, 194, 195, 196, 

um, 200 

Rickets, fut deficiency a factor in, 194, 

190 (footnote), 199 
Rickets, geographic distribution of, 192 
Rickets, heredity and, 193 
Ricketa, infection theory of, 193 
Rickets, influence of phosphorus de- 
ficiency on, 65 
Ricketa, relation to breast-feeding, 193 
Rickets, several types of, 199 
RickeU^. similar condition produced by 

phosphorus deficiency, 65 
Rickets, social and ectmouiic factors in, 

195 
Ricketa, symptoms of, 190 and IT 
Ricketa, treatment by Vitaphos, 148 
Ricketa, vitamin X as a factor in, 194 

(footnote) IQG (footnote), 198, 199 
Rind oil as preservative for orange and 

lemon juice, 103, 108 (footnote) 
Rolled oats in the diet, 51, 52 
Roots and tubers, variation in content 

of A, 75 
Roots, colored, content of A in, 75 
Roots, colorless, content of A in, 75 
Roots, content of A in, 73 
Roots, content of C in, 85 
Roots, thermostability of A in, 92 
Roughage, 22, 23. 103 
Rutabaga, content of B in, 82 
Rye, antineuritic value of, 215 
Rye protein in the diet, 51, 52 
Rye protein, nutritive value of, 55 

Saccharomycctis as test for B, 35 
Salivary glands, stimulation by vitamins, 

184 
Salt content of human and cow's milk 

compared, 2G8 
Salted meat, antincuritic value of, 97 
Salt mixtures, 59 and ff 
Salts, mineral, ix, x 
Sanctorius, 1 
Sanitation a predominating factor in 

pellagra, 248, 249 
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8eunry> latent, in children, 219, 230 
Scurvy, relation between calcium meta- 

boliam and, 228 
Scurry, noondavy (acUm in infantile, 

285 
Scurry, euaceptibility erf diffeient qiecioa 
^ to, 220, 221 
Scurvy, aymptoms of in adults, 217, 318, 

219 
Scurry, treatment in 18th century, 229, 

230 
Scutellum of com, B in, 78 
Seal liver, antiscorbutic value of, 230 
Seasonal variabilis of ejqjerimfmtal 

animals, 31 
Seasonal variation in vitamin-content 

of milk, 276, 277 
Secretin, 135, 186 
Seed and leaf mixtures, biological value 

of, 52 
Seed and tuber mixtuiee, biological 

value of, 53 
Seed, distribution of B within, 78, 79 
Seed proteins, biological value of, 60, 

61, 62, 63 
Seeds, content of il in, 73, 74, 75 
Seeds, content of B in, 77 and ff 
Seeds, dry, content of A in, 77 
Seeds, dry, content of C in, 83 
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Soda lMHail% Mtritiw 

ina^wiiul witt bnad^ 130 
Soda, effect on A in oOi, 00^ 112 
Soda, effect on B in navy beans, 06 
Sodium bicarbonate, effect on B in 

cabbage, 120 
Sodium bicarbonate, effect <» B in 

navy beans, 120 
Sodium hydroxide, effect on B in yeast, 

120 
Sodium hydroxide, effect on C, 133 
Sodium hydroxide, effect on B, 119 
Solubility of A, 111 and ff 
SolubUity of B, 115 and ff 
Soy bean, content of B in, 77, 81 
Soy beans, thermostability of B in, 98 
Soy bean, wheat flour as supplement tOw 

77 
SpermatogenesLB, effect of Lack of vita- 
mins on, 171 
Spinach, content of vitamin A in, 72, 73, 

136, 137 
Spinach, content of B in, SI 
Spinach, content of C in, 85 
Spinal cord, content of B in, 14, 152 
Spinal cord, occurrence and function of 

vitamin in, 182 
Spinal cord, condition of motor cells in 

poI>'neuritis, 1S3 
Spinal cord, growth-promoting value <rf 

14 
qen, effect of lack of A on, 169 
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Spleen, effect of lack of B on, 171, 173 
Spleen, storage of vitamins in, 164 
Spray process for dr\'ing of milk, 287, 

291 
Sprouted seeds, antiscorbutic value of, 

S3, S4, 232 
Spruce beer, antiscorbutic value of, 84 
Squash, thermoetability of A in, 02 
StabiltKer of vitamins, 129 
Standardization of methods of vitamin 

raaearch, 44 
Standardization of vitamin dosage, 131 
Starch as supplement to milk, 270, 271 
Starch in basal diets, 57 
Starch, relation between vitamins and, 

173 
Starvation on rice diet, 1H4 
Stasis, intcittinal, relation of vitamin de- 
ficiency to, 172, 311 
Stasis, venous, relation to oedema of, 172 
Steam, destruction of yi in palm oH by, 

92 
Sterility, lack of vitamins a factor in, 

174 
Sterilization of foods without lose of 

antiHcorbutir value, 103, 104 
Sterilisation of milk, 278, 279 
Sterilized cereals, feeding experiments 

with fowls on, 208 
Sterilized diet, effect on human beings 

of, 203, 204 
Sterilized foods, content of B in, 9S 
Stimulants of gastric secretion, 6, 7 
Stomach, effect of lack of B on, 171 
Stomach, effect of lack of vitamins on, 

171, 173 
Storage, effect on antiscorbutic value of 

cobbage, ia5, 100 
Storage, effect on antiscorbutic value of 

carrots, 105 
Storage, effect on antiscorbutic value of 

dandelion leaves, 105 
Storage, effect on antiscorbutic value of 

foods, 105 
Storage, effect on antiscorbutic value of 

potatoes, 105 
Storage influcnrc of on vitamin content 

of butter, 74 
Storage of vitamins iu animal body, 5S, 

164, 167, KfH 
Streptococci, growth-stimulant for, 160 
String beans, variation in anti^orbutic 

value of, 84 
Structure of vitamin A, 112 
Structure of vitamin B, 128 (footnote), 

129 



Suhrutaneoua administration of vita- 
mins, 184 
Sugar an ingredient of experimental 

diets, 6, 8, 10, 14 
Sugar beet, content of A in, 73 
Sugar cane products a factor in pellagra, 

247 
Sugar in blood, predisposition to beri- 

l>eri caused by excess of, 202 
Sulphur a constituent of B, 132 
Sulphur in laotalbumin, 263 
Sulphur in protein-froc milk, 268 
Sulphuric acid, inaotivation of B by, 118 
Summary of phj'siological function of 

vitamins, 188 
Sunlight a factor in onset of pellagra, 247 
Sunlight, remedial effect in rickets, 195 
Susceptibility of scorbutic animals3[to 

infection, 219 
Susceptibility to infection, effect of lack 

of vitamins on, 172, 173 
Sufito, 149 
Sweat glands, stimulation by vitamins, 

184 
Swedish turnip, content of C in, 85, 

232 
Swedish turnip juice, thermostability of 

C in, 101 
Swcetwort, antiscorbutic value of, 84 
Swine, feeding ejcpenments with, 25, 47, 

48, 70, 194 (footnote), 221, 265 
Swine, nutritive requirements compared 

with those of rats, 20 
Swine, poIjTicuritis in, 207 
Swine, scurvy in, 221 
SjTnptoras of beriberi, 206, 207 
Symptoms of deficiency of A, 167 and ff 
Symptoms of deficiency of B, 170 and ff 
Symptoms of deficiency of C, 177, 178 
S>-mptoms of guinea-pig Bcurv>', 221, 

222, 223 
Symptoms of pellagra, 243 and ff 
Sj-mptoms of pol>-neuriU8 in birds, 207 
Symptoms of polyneuritis tu cat*, 208 
Symptoms of polyneuritis in dogs, 20S 
Symptoms of rickets, 190 and ff 
Symptoms of scurvy in adults, 217, 218, 

210 
Synthesis of vitamins, 77, 164, 166, 167, 

316 
SyntheMis of B by bacteria, 160, 101 
Synthesis of B by yeast, 43, 314, 315 
Synthesis of C by chickens, 221 
Synthesis of C by rati*, 166, 221 
Synthetic dieU, 2, 6 and ff 
Syphilis, relation of riuketa to, 193 
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TiblBli, Titamin, 148 
Tadpolen, vitemia raqpiirament of, 168 
TBohniquB of ▼itamm iatlU, 25, 38 
Teeth, effect of Titamiiit on oaldfie*- 

tkm of, 177, 178 
Tempentun oopdi ti oM, reguktion of in 

feeding eiperiment^ 22, 28 
Tempenture, inflwrnne on destruction 

oiBbk OAbbftgB, 99, 100 
Tempenture meMoramente, emm in, 80 
Tempentuie, nUtioa between E»te of 

deatnifitiTe of C and, 185 
Teetao, degeneratiQn on vitnmin^fiea 

diet, 162 (footnote), 169, 174 
Teeticlee, effect of lack of B on, 171, 173, 

174 
TeatideB, atorage of vitamins in, 164 
Tosts for B, oobv, 131 
Test for C, 135 
Tetbelin, antinearitie properties of, 128y 

182 
Tetrahydrozy pyridine, 128 
Tlieoty of ntamin action, 129, 130 
TlwrmostabiUty of A, 90^ 01 
Tliennostahility of antineuritie and 

growth^iroinoting fsctor cmqiaied, 

164 and ff 
lliermostability of S, 04 and ff 
Thermoatability of B in presence of 

alkalis, llO, 130 
Thermostability of C, 133 
Thermostability of C in absence of 

oxidizing agents, 133 
Thermostability of C in milk, 284, 285 
Thermostability of C in orange juice, 

133 
Thermostability of vitamin C in presence 

of acids, 134, 135 
Thermostability of C in presence of 

alkalis, 134 
Thymin, 123, 127 
Thymus, content of £ in, ^ 
Thymus, effect of lack of B on, 171, 173 
Thymus, concentration of B from, 138, 

139 
Thymus, storage of vitamins in, 164 
Th3maus, vitamin content of, 182 
Thyroid, desiccated, antineuritie pro- 
perties of, 128 
Thyroid, effect of lack of B on, 171, 173 
Thyroid, effect of lack of C on, 177 
Thyroid, concentration of B from, 139 
Thyroxin, antineuritie properties of, 

128, 182 
Time curve of destruction of C in tomato 

juice, 102 



Tikitiki extnuit, 235 
T!mothy,ocmtsntof A in,73, 7S, 186, 117 
Timothy, eontsat of B in, 81 
Timothy, dried, as source of A^ 187 
Tissues, effect of lack of A on, 167, 169 
Tissues, effect of lack of Bon, ITlaadff 
Tissues, effect of lack of C on, 177 
TisBosa, moseuiar, effect of lack of vita- 

mina on, 172 
Tissues of polynieuiitio birds aa aouree of 

antineuritie, 167 
Tomato, antiaoatbutie value of, 88» 382 
Tomato as aatisoorbutae for infanta^ 306 
Tomato, content of B in, 81 
Tomato, cooked, antisoorbotio vafaw «^ 

101 
Tomato, dried, as aouree of A, 186 
Tbmatoes, canned, aatineuzitio valna vi, 

101 
Tomatoei^ oanned, aatiMiorbatiB valna 

of, 101 
Tomatoes, oanned, vitamin oontent o^ 

102 
Tomatoes, content <rf A in, 74 
Tomatoes, dried, aa aouree of C, 108 
Tomatoes, firesfa, doascs for proteetion 

agsinst scurvy, 101 
Tomatoes, thermostability of B in, 06 
Tomatoes, thermostability of C in, 101, 

102 
Tomato juice, canned, use in infant feed- 
ing, 102 
Tomato juice, dried, antiacorbutus nlue 

of, 109 
Tomato juice, thermostability of C in- 
fluenced by hydrogeoation conoentra- 
tion, 102 (footnote) 
Tomato-eeed, content of A in, 73 (foot- 
note) 
Tooth defects due to lack of vitamins, 

178, 292 
Tooth defects in scurry, 217, 218, 222, 

223 
Tooth defects, relation of vitamins to, 

309 
Tooth-formation and vitamin supj^, 

relation between 177, 178 
Torulm, 122 

Toxicity of common foodstuffs, 33 
Toxicity of cotton seed, 32 
Toxicity of magnesium, 32 
Toxicity of peas, 50 
Toxicity of rice, 15, 210, 211 
Toxicity of wheat embryo, 48 
Toxin a factor in pellagra, 258 (footnote) 
Toxin, beriberi, 210, 211 
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^P Toxinfi ia yeast test for B, 3S 


Uric acid reagent, 131 ^^^| 


Trihydroxy pyridines, antineuritic prop- 


Urethritis, effect of j'east on, 311 ^^^| 


erties of, 128 


Urtirraria, effect of yeast on, 311 ^^H 


Triolein an ingredient of synthetic diets, 


Utilization of nitrogen, effect of lock of ^^^| 


8 


vitamins on, 180 ^^H 


Tripalmitin an ingredient of fiynthetic 


^^H 


diet.s, 8 


Valine, xi, 125 ^^| 


Tritttearin an iogredieot of synthetic 


Variability of B in tissues of the same ^^^| 


diett, 8 


type, 81,82 ^^M 


Trophic exchanges, regulation by vita- 


Variabilitv of experimental nnimaln, 27, ^^H 


mtna, 162 (footnote) 


28, 29, 30, 31 ■ 


Trunitik, 287 


Variation In development of cbildreDt ^^^| 


Trjptophane, xi, 54, 55, 258, 259 


cause of, 299 ^^^| 


Tubcrcutoeiit a result of vitamin defi- 


Variation in nutritive value of vegetables ^^^B 


cicDcy, 310 


with Bge, 101 ^ 


Tuberculosis, influence of lack of vita- 


Variation in vitamin requirements of M 


mins on susceptibility to, 172 


individuals, 30, 31, 58 1 


Tubercndosis, pellagra in patients on 


Variation of vitamin requirements with ^^^^ 


diet for, 260 


age, 175 ^^H 


Tuberculofii'^, scurvy in children on diet 


Vasoconstriction, 173 ^^^H 


for, 232 


Vasodilation, 174 ^M 


Tubers, amino acids in, 54 


Vasomotor disturbances, lack of vitamins H 


Tubers, and roots, variation in content 


a factor in, 174 H 


of A, 75 


V'egetable as compared with animal ^^H 


Tubers and seed mixtures, biological 


protein, biological value of, 258 ^^^| 


value of, 53 


Vegetable fats, antirachitic value of, ^^^| 


Tubers, biological value of, 52, 53 


198 ^H 


Tubers, content of A, 73 


Vegetable fata and oils, content of A ^^H 


Tubers, mineral content of, 52, 53 


in, 71 ■ 


Tumors, relation of vitamins to, 181, 


Vegetable foods as source of vitamins in ^^^| 


309 (footnote) 


tlie diet, 304, 305 ^^1 


Tumors, vitamin content of, 182 


Vegetable oils, 12 ^^H 


Turnip, content of B in, 31, 82 


Vegetable oils, effect of hydrogcnation V 


Turnip, content of C in, 85, 221, 232 


on vitamin content of, 113 ^^fl 


Turnip jui(% as source of C for infant 


Vegetable oils, processed, investigations ^^H 


feeding, 296, 298, 299 


114 ^H 


Turnip juice, Swedish, thermostability 


Vegetables, antiacorbutic value of, 84, ^^H 


of C in, 103 


85,86 ^H 


Turnip, sH-edisfa, thermostability of C 


Vegetable soup as milk diluent in infant ^^H 


in, 101 


feeding, 296 V 


Turtle soup, antiscorbutic value of, 86 


Vegetables, scurvy developing on a diet 


Typhoid bacillus, vitamin content of, 


route ining, 86 
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Vegetables, variation in nutritive value 


Tyrosine as supplement to lactalbumin, 


with age, 101 


267, 268 


Velvet bean, C!corgia, content of A in, 




73, 74 (footnote) 


Ultraviolet rays, effect on .4, 91 


Velvet bean, Georgia, content of B in, 74 


Unbalanced diet a factor in pellagra, 257 


(footnote) 


Unbalanced diets, vitAmin requirement 


Velvet bean, Georgia, thermostability of 


on, 257 


A in, 92 


UniTenity cream, 296 


Venous stasis, relation to oedema of. 172 


Unpalatability of synthetic diets, 7 


Vitamin .4 in fats, distribution of, 06 


Uracil, 123, 127 


and ff ^^H 


Urea in blood, effect of lack of B oc^ 174 


Vitamin A in leaf, 52 ^^^| 


Urea in milk, 2G2 


Vitamin A in infant feeding, sources of, V 


Uric acid in milk, 263 


290 ^M 
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Vit&mJn Af requirement of in human 

nutrition, 108 
Vitamin A, atructure of, 112 
Vitamin A, syntbests by pl&nts, 77 
ViUmin action, theory of, 129, 130 
Vitamin B, color teeta for, 131 
Vitamin B, discovery of, IS 
Vitamin B, dijstribution within seed, 

78, 70 
Vitamin B, effect in infant feeding, 296 
Vitamin B in foodituffs, 77 and ff 
Vitamin B, relative amounU in plant 

tianios, 80, 81 
Vitamin B, symptonu of deficiency of, 

170 and ff 
Vitamin B, variability of in tiflmiee of 

tbe lame type, 81, 82 
Vitamin-chocotat«, 148 
Vitamin content, correlation vrilh func- 
tion. 74, 75 
Vitamin D, 159. 314 
Vitamin D, separation from autolysed 

yeast, 159, 100 
Vitamin deficiency in children, symp- 
toms of, 292 
Vitamin hyiMthosis of Funk, 13, 10 
Vitamin index, 80, 162 (footnote) 
Vitamin, nomenclature, 3, 4, 13 
Vitamin requirements for maintenance 

and growUi, 162, 163 
Vitamin requirements of adults, 300 
Vitamin roquirements of diiTcrent ^lecies 

165, 166 
Vitamin requirements of pigeons, 165 
Vitamin requirements of rats, !05 
Vitamin requirements, variation in, 30, 

31, 32 
Vitamin research, criticism of, 34 
Vitamin reserve in infanta, 399 
Vitamin t«sts, technique of, 25, 33 
Vitamin tfacor>', historical development 

of. 6 
Vitamins, chemical structure of, 129 
Vitamins, pharmacological action of, 

129, 130 
Vitamon, 149 
ViUphoa, 147 
Vitellin, 204 

Walnut, content of A in, 74 

War antem»rrhea, 174 

Water in diet, ix 

Water, loss from the body, ix 

Water, solubility of A in, 112 

Water, solubility of B in, 115, 153 

Water-«oluble C, 16 



Water-soluble vitamin, 4. 15, 16 
Waxes extracted from plant leaTes by 

solvents, 111 
Waxes in plant extracts interfering in 

feeding experiments. 111 
Weakness of women, effect of B on, ' 

311 
Wet beriberi, 206, 207 
Whale oil, thermostability of ^ in, 00 
Whale oil, vitamin content of, 68 
Wheat, biological analyns of, 46, 47 
Wheat bran, content of ^ in. 7S, 83 
Wheat, content of B in, 77, 215 
Wheat embryo, antincuritic and growth- 
promoting power compared, 155 
Wheat embr>o, nutritive value of, 48 
TiSTiciit embryo, protein of, 48 
Whent embryo, thermostability of £ in, 

95 
Wheat embryo, toxicity of, 48 
Wlieat endosperm, content of B in, 150 
Wheat tlour, white, deficiency in B, 78 
Wheat germ, antincuritic value of, 77, 

82, 215 
Wheat germ, effect of sodium hydroxida 

on B in, 119 
\MieAt germ, extraction of B from, 117 
Wheat, highly milled, a factor in etiology 

of beriberi, 204 
Wlieat, milk-producing value of, 265 
Wheat, milling of, 214 
Wheat, nutritive value of, 15 
Wheat protein, biological value of, 47^ 

49, 51, 55 ^ 

Wheat protein, relation of intake to 

growth, 48 
Wheat, toxicity of, 32, 48 
Whey, 263 

VMiey, effect of heat on, 280 
Wlicy proteins, 262 
Whey, thermostability of £ in, 97 
TVTiite flour, deficiency of, 214 
White rice, milling of, 212 
Whole wheat, toxicity of, 33 

Xaathophyll, 112 

Xaniliophyll in pork liver, 77 

Xerophthalmia, 16S 

Xerophthalmia, etiology of, 237, 238, 239 

Xerophthalmia, factors influencing, 240, 

241 
Xerophthalmia in calves, 165, 167 
Xerophtlialnmi in children, 235. 236 
V * ' Imia in rats, 31, 168, 169, 

«, pathology of, 234 
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Xerophthalmia, resistance of mature 

animals to^ 240 
Xerophthalmia, species susceptible to, 

234,235 
Xerophthalmia, symptoms of, 234, 235 
Xerophthalmia, treatment for, 235, 230 
Xot>phtfaalmia, two forms of, 238 
X rays, siniularity between effects of 

avitaioinoHa and, 183 

Yeaflt, antineuritic value of, 14, 77, 
215, 216. 305 

Yeast, antineuritic and growth-promot- 
ing power compared, 152 

Yeaat, antirachitic value of, 196 

Teaat as addition to food, 148, 305 

Yeast as cure for xerophthalmia, 233, 239 

Yeast, autolyzcd, antineuritic value of, 
77 

Yeast, autolysed, bacterial growth- 
stimulant in, 160 

Yeast, autolyzed, effect of drying on 
vitamin from, 96 

Yeast compared with milk as source of 
B, 269 

Yeast compared with protein-free milk 
as supplement to diet, 266 

Yeast, dried, as source of J9, 81 



Yeast, effect of alkali on B in, 120 
Yeast, effect of radium emanation on B 

in, 98 
Yeast, growth-promoting factor in, 152 

163 
Yeast, isolation of B from, 122, 123, 125, 

126, 127 
Yeast, pressed, content of B in, 77, 82 
Yeast, process for increasing edibility of, 

143 
Yeast, proliferation of, 313 (footnote) 
Yeast stimulant as distinct from B^ 

169, 160 
Yeast, stimulant for invertaso activity 

of, 160 (footnote) 
Ye&Ht, stimulation by viUmiiis, 31 i, dl6 
Yeast test for B, 36 and ff, 120, 161, 159 
Yeast test for £, comparison with rat 

test«, 39, 41, 42 
Ye&st test for ^, .Vitamin C a confusing 

factor in, 39 
Yeast, thermoetabOity of B in, 96 
Yeast, vitamin requirements of aerobio 

and anaerobic varieties compared, 187 

Zein, 258 

Zein, bacterial growth-stimulant in, 160 

Zone distribution of pellagra, 248, 249 
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